US 20140193413A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0193413 A1

Pettersson et al. 43) Pub. Date: Jul. 10, 2014
(54) ANTIBODIES BINDING TO (52) US.CL
PHOSPHORYLCHOLINE (PC) AND/OR PC CPC .ot CO7K 16/44 (2013.01)
CONJUGATES 424/135.1; 530/387.3; 530/388.9;
530/389.8; 530/388.15; 424/175.1; 424/142.1,
(75) Inventors: Knut Pettersson, Goteborg (SE); Ola 424/152.1; 424/133.1; 536/23.53; 435/320.1;
&Zﬁ::er’ﬁf%% ~(§A]f1)ér23vnEse§§2;1 435/252.33; 435/345; 435/419; 435/254.11;
Hanover, MA (US) 435/69.6; 435/7.1; 435/7.92; 506/9
(73) Assignees: DYAX CORP., Burlington, MA (US);
ATHERA BIOTECHNOLOGIES AB, (57 ABSTRACT
Stockholm (SE)
(21)  Appl. No.: 14/235,970 The present disclosure relates to an antibody or antibody
fragment capable of binding to phosphorylcholine and/or a
(22) PCT Filed: Aug. 8, 2012 phosphorylcholine conjugate, wherein the antibody or anti-
body fragment comprises a variable heavy chain (VH)
(86) PCT No.: PCT/US12/49990 domain and/or a variable light chain (VL) domain, and
§371 (©)(1), wherein (a) the VH domain comprises complementarity
(2), (4) Date: ~ Jan. 29, 2014 determining regions (CDRs) selected from the group consist-
ing of: a CDRI1 sequence having identity to the sequence of
Related U.S. Application Data SEQ ID NO: 7; a CDR2 sequence having identity to the
- A sequence of SEQ ID NO: 8; and a CDR3 sequence having
(60) grg\(])lls 11c.)na1 application No. 61/521,607, filed on Aug. identity to the sequence of SEQ ID NO: 9 or 10; and/or (b) the
’ VL domain comprises CDRs selected from the group con-
Publication Classification sisting of: a CDR4 sequence having identity to the sequence
of SEQ ID NO: 11; a CDRS sequence having identity to the
(51) Int.ClL sequence of SEQ ID NO: 12; a CDR6 sequence having iden-

CO7K 16/44 (2006.01)

tity to the sequence of SEQ ID NO: 13.



US 2014/0193413 A1l

Jul. 10,2014 Sheet 1 of 6

Patent Application Publication

(gl [Apogpuy]
000L 008 009 o0v 00z

3

P

002

- 0002

- 0082

iy

FIG. 1



Patent Application Publication

Jul. 10,2014 Sheet 2 of 6

US 2014/0193413 A1l

S

3 R Q\ﬂ
:\‘- 3
S

FIG. 2



Patent Application Publication Jul. 10,2014 Sheet 3 of 6 US 2014/0193413 A1

BAT

‘ ! ‘ : . ’ ¥ ¥

§

S199 45700 [EIPAL (€10} %

FIG. 3



Patent Application Publication Jul. 10,2014 Sheet 4 of 6 US 2014/0193413 A1

N
o
EES
19
$oos
3N
9
£
t
¥
e
{3
o
=
X

15

24 &

m o

I *

FIG. 4A



Patent Application Publication Jul. 10,2014 Sheet S of 6 US 2014/0193413 A1

A MR R A A R,
z

FHES

=

o L & &

LAt} DU BUoeN

FIG. 4B



Patent Application Publication Jul. 10,2014 Sheet 6 of 6 US 2014/0193413 A1

Ry
_y
N E‘“a
&
S
FXCIY
RN
&
b
oy

NN
NN

R
o

o

£,7

e
Jansana

0,01

2,001

W =¥ % Y] L L

FIG. 5



US 2014/0193413 Al

ANTIBODIES BINDING TO
PHOSPHORYLCHOLINE (PC) AND/OR PC
CONJUGATES

[0001] The application claims priority to U.S. Provisional
Patent Application No. 61/521,607 filed Aug. 9, 2011, which
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to new antibodies with
binding to phosphorylcholine (PC) and/or PC conjugates and
having surprisingly effective in vivo properties.

BACKGROUND TO THE INVENTION

[0003] The listing or discussion of an apparently prior-
published document in this specification should not necessar-
ily be taken as an acknowledgement that the document is part
of the state of the art or is common general knowledge.

[0004] Despite the available treatment options available for
cardiovascular disease, acute coronary syndrome (ACS) is
the leading cause of death in the industrialized world. ACS
occurs as a result of thrombus formation within the lumen of
a coronary artery, which is associated with chronic inflam-
mation within the wall of the artery. Arterial inflammation is
initiated by the formation of a lipid core and infiltration of
inflammatory cells leading to plaque formation. Unstable
plaques contain a substantial necrotic core and apoptotic cells
that disrupt the endothelium and can lead to plaque rupture
exposing of underlying collagen, von Willebrand factor
(vWF), tissue factor, lipids and smooth muscle allowing ini-
tiation of platelet adhesion, activation, and aggregation
(Libby et al. 1996). ACS is treated with a combination of
anti-platelet therapies, cholesterol lowering medications (e.g.
statins), anti-coagulants, as well as surgical recanalization
through percutaneous coronary intervention (PCI) and
implantation of stents.

[0005] Anti-platelet therapies such as COX-1 inhibitors
(e.g. aspirin), ADP receptor antagonists (e.g. Ticlopedine and
clopidogrel), and glycoprotein Ilb/IIla receptor antagonists
have been shown to reduce the incidence of major adverse
coronary events (MACE) in a number of different clinical
trials (Dupont et al. 2009). However, a proportion of patients
on long-term anti-platelet therapy continue to have cardio-
vascular events. Moreover, chronic prevention therapy may
take up to two years to show maximum beneficial effects, and
many patients are then still at high risk for recurrent disease.
There is a period of up to 6-12 months after a myocardial
infarction that the patient is susceptible to further MACE,
frequently due to re-occlusion due to restenosis (Tabas.
2010).

[0006] Consequently, there is a significant need for treat-
ments directed specifically at preventing further plaque pro-
gression and promoting plaque regression could substantially
lower events during this period.

[0007] Phosphorylcholine, a polar head group on certain
phospholipids, has been extensively implicated in cardiovas-
cular disease. Reactive oxygen species generated during
coronary inflammation causes the oxidation of low density
lipoprotein (LDL) to generate oxidized LDL (oxLLDL). In
fact, cardiovascular diseases (CVD) such as atherosclerosis,
unstabile angina, or acute coronary syndrome have been
shown to be associated with elevated plasma levels of ox[LDL
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(Rabe and Ueda. 2007). LDL is a circulating lipoprotein
particle that contains lipids with a PC polar head group and
proteins, an apoB100 protein.

[0008] During oxidation of LDL. PC containing neo-
epitopes that are not present on unmodified LDL are gener-
ated. Newly exposed PC on oxL.DL is recognized by scaven-
ger receptors on macrophages, such as CD36, and the
resulting macrophage-engulfed oxLLDL proceeds towards the
formation of proinflammatory foam cells in the vessel wall.
Oxidized LDL is also recognized by receptors on endothelial
cell surfaces and has been reported to stimulate a range of
responses including endothelial dysfunction, apoptosis, and
the unfolded protein response (Gora et al. 2010). PC neo-
epitopes are also exposed on LDL following modification
with phospholipase A2 or amine reactive disease metabolites,
such as aldehydes generated from the oxidation of glycated
proteins. These alternately modified LDL particles are also
pro-inflammatory factors in CVD.

[0009] Antibodies towards phosphorylcholine (PC) have
been shown to bind oxidized, or otherwise modified, LDL and
block the pro-inflammatory activity of oxLLDL in in vivo
models or in vitro studies (Shaw et al. 2000; Shaw et al. 2001).
[0010] Furthermore, an examination of clinical data has
demonstrated that low levels of natural IgM anti-PC antibod-
ies are associated with an increased risk of MACE in ACS
patients (Frostegard, J. 2010).

[0011] Accordingly, there is a need for anti-PC antibody
molecules that can be effectively used in therapy, particularly
fully human anti-PC antibodies suitable for human therapy.
To the applicant’s knowledge, to date the art has failed to
provide therapeutically efficacious human anti-PC antibod-
ies. The identification of such antibodies has been hampered
by the fact that in vitro screening methods for human anti-
bodies with anti-PC binding activity are poor predictors of in
vivo therapeutic activity.

[0012] In view of this, there is a need in the art for human
anti-PC antibody molecules that provide effective and advan-
tageous properties when used in in vivo systems, in particular
when administered to humans for therapy.

DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1. Estimates of binding affinity from an equi-
librium binding analysis by Biacore. (@) X9-C01 (lot
W21574) (Kd=352+59 nM), (O) X9C-01 (lot W22596)
(Kd=295+46 nM). The panel compares two different prepa-
rations of the antibody.

[0014] FIG. 2. Purified IgGs binding to PC-BSA as mea-
sured by ELISA. (@) M4-G02 (EC,,=0.14 nM), (O) M73-
GO03 (EC5,=0.91 nM), (V) X9C-01 (EC;5,=0.18 nM). The
data were fit to a 4 parameter logistic equation with a global
B,,.. to obtain EC,, value estimates.

[0015] FIG. 3. Inhibition of CD45 positive leukocyte influx
into medial in femoral artery cuffed mice. Transgenic male
ApoE*3 Leiden mice were fed a high-cholesterol and high-
fat diet containing 1% cholesterol and 0.05% cholate to
induce hypercholesterolemia. After three weeks of the high
fat diet, mice were anesthetized and the femoral artery was
dissected from its surroundings and loosely sheathed with a
non-constrictive polyethylene cuff (Portex, 0.40 mm inner
diameter, 0.80 mm outer diameter and 2.0 mm length). Mice
were treated with either 10 mg/kg recombinant anti-PC IgG
antibodies dissolved in PBS, 10 mg/kg anti-streptavidin A2
IgG antibodies dissolved in PBS or PBS only through IP
injection on day 0. Mice were sacrificed three days after
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surgery and cuffed femoral arteries were harvested and par-
affin-embedded. Serial cross-sections (5 um) were taken from
the entire length of the cuffed femoral artery segment for
histochemical analysis. * p<0.01, n=15.

[0016] FIGS. 4A-B. Inhibition of intimal thickening in
femoral artery cuffed mice. Transgenic male ApoE*3 Leiden
mice were fed a high-cholesterol and high-fat diet containing
1% cholesterol and 0.05% cholate to induce hypercholester-
olemia. After three weeks of the high fat diet, mice were
anesthetized and the femoral artery was dissected from its
surroundings and loosely sheathed with a non-constrictive
polyethylene cuff (Portex, 0.40 mm inner diameter, 0.80 mm
outer diameter and 2.0 mm length). Mice were treated with
either 10 mg/kg recombinant anti-PC IgG antibodies dis-
solved in PBS, 10 mg/kg anti-streptavidin A2 IgG antibodies
dissolved in PBS or PBS only through IP injection on day O,
3,7, and 10 after surgery. Mice were sacrificed 14 days after
surgery and cuffed femoral arteries were harvested and par-
affin-embedded. Serial cross-sections (5 um) were taken from
the entire length of the cuffed femoral artery segment for
histochemical analysis. FIG. 4A. Comparison of the intimal
area (indicated by the arrow) in the 4 panels indicates that the
antibody X9C-01 reduced the intimal thickening that was
observed 14 days after cuff-induced vascular injury. FIG. 4B.
Intimal thickening in (um)?, n=10, * p <0.05

[0017] FIG.5. PCbinding activity of X9C-01 mutants mea-
sured using ELISA. (@) X9C-01 (EC5,=0.35 nM), (O) X19-
EO01 (EC5,=0.38 nM), (¥) X19-E03 (EC5,=0.79 nM)

DESCRIPTION OF THE INVENTION

[0018] The present application describes the production
and testing of new antibodies and antibody fragments com-
prising novel antigen-binding regions capable of binding to
phosphorylcholine and/or phosphorylcholine conjugates.
[0019] In a first aspect, the present invention provides an
antibody or antibody fragment capable of binding to phos-
phorylcholine and/or a phosphorylcholine conjugate,
wherein the antibody or antibody fragment comprises a vari-
able heavy chain (VH) domain and/or a variable light chain
(VL) domain, and wherein—
(a) the VH domain comprises an amino acid sequence that
includes one, two or three complementarity determining
regions (CDRs) selected from the group consisting of:
[0020] a CDRI1 sequence comprising an amino acid
sequence having at least 20%, 40%, 60%, 80% or 100%
sequence identity to the sequence of SEQ ID NO: 7;

[0021] a CDR2 sequence comprising an amino acid
sequence having at least 5%, 11%, 17%, 23%, 29%,
35%, 41%, 47%, 52%, 58%, 64%, 70%, 76%, 82%,
88%, 94%, or 100% sequence identity to the sequence of
SEQ ID NO: 8; and

[0022] a CDR3 sequence comprising an amino acid
sequence having at least 11%, 22%, 33%, 44%, 55%,
66%, 77%, 88% or 100% sequence identity to the
sequence of SEQ ID NO: 9 or 10; and/or

(b) the VL. domain comprises an amino acid sequence that
includes one, two or three complementarity determining
regions (CDRs) selected from the group consisting of:

[0023] a CDR4 sequence comprising an amino acid
sequence having at least 7.5%, 15%, 23%, 30%, 38%,
46%, 53%, 61%, 69%, 76%, 84%, 92% or 100%
sequence identity to the sequence of SEQ ID NO: 11;
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[0024] a CDRS sequence comprising an amino acid
sequence having at least 14%, 28%, 42%, 57%, 71%,
85% or 100% sequence identity to the sequence of SEQ
ID NO: 12,

[0025] a CDRG6 sequence comprising an amino acid
sequence having at least 9%, 18%, 27%, 36%, 45%,
54%, 63%, 72%, 81%, 90% or 100% sequence identity
to the sequence of SEQ ID NO: 13.

[0026] In one embodiment according to the first aspect of
the present invention, the antibody or antibody fragment com-
prises a VH domain that comprises an amino acid sequence
that includes a CDR1 sequence, a CDR2 and a CDR3
sequence as defined above, and/or the VL domain comprises
an amino acid sequence that includes a CDR4 sequence, a
CDRS and a CDR6 sequence as defined above.

[0027] In a further embodiment of the first aspect of the
present invention, the antibody or antibody fragment com-
prises—

[0028] a VH domain that comprises an amino acid
sequence that includes all three of the CDR1, CDR2 and
CDR3 sequences present in an amino acid sequence
selected from the group consisting of SEQ ID NOs: 1,3
or 5 or an amino acid sequence having at least 80%,
85%, 90%, or 95% sequence identity to an amino acid
sequence of any of SEQ ID NOs: 1, 3 or 5; and/or

[0029] a VL domain that comprises an amino acid
sequence that includes all three of the CDR4, CDRS and
CDR6 sequences present in an amino acid sequence
selected from the group consisting of SEQ ID NOs: 2, 4
or 6 or an amino acid sequence having at least 80%,
85%, 90%, or 95% sequence identity to an amino acid
sequence of any of SEQ ID NOs: 2, 4 or 6.

[0030] In a further embodiment of the first aspect of the
present invention, the antibody or antibody fragment com-
prises a variable heavy chain (VH) domain and/or a variable
light chain (VL) domain, and wherein—

[0031] the VH domain comprises an amino acid
sequence selected from the group consisting of SEQ 1D
NOs: 1, 3, or 5 or an amino acid sequence having at least
50%, 60%, 70%, 80%, 85%, 90%, or 95% sequence
identity to an amino acid sequence of any of SEQ ID
NOs: 1, 3, or 5; and

[0032] the VL domain comprises an amino acid
sequence selected from the group consisting of SEQ 1D
NOs: 2, 4, or 6 or an amino acid sequence having at least
50%, 60%, 70%, 80%, 85%, 90%, or 95% sequence
identity to an amino acid sequence of any of SEQ ID
NOs: 2,4, or 6.

[0033] SEQID NO:1 is the variable heavy (VH) domain of
the X9C-01 antibody as described in the following examples,
and has the sequence:

EVQLLESGGGLVQPGGSLRLSCAASGFTFSYYRMWWVRQAPGKGLEWVS
SIGSSGGKTFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR

RFMSLGFDYWGQGTLVTVSS
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and includes the complementarity determining regions
(CDRs):

(SEQ ID NO: 7)
VH CDR1: YYRMW;

(SEQ ID NO: 8)
VH CDR2: SIGSSGGKTFYADSVKG;

(SEQ ID NO: 9)
VH CDR3: RFMSLGFDY;

[0034] SEQ ID NO:2 is the variable light (VL) domain of
the X9C-01 antibody and has the sequence:

QSELTQPHSASGTPGQRVTISCSGRRSNIGANYVYWYQQYPGTAPKLLI
YRNNQRPSGVPDRFSGSKSDTSASLAISGLRSEDEADYYCAAWDDSLSG
WVFGGGTKLTVL

and includes the complementarity determining regions
(CDRs):

(SEQ ID NO: 11)
VL CDR4: SGRRSNIGANYVY;

(SEQ ID NO: 12)
VL CDR5: RNNQRPS;

(SEQ ID NO: 13)
VL CDR6: AAWDDSLSGWV,

[0035] SEQID NO:3 is the variable heavy (VH) domain of
the X19-EO1 antibody as described in the following
examples, and has the sequence:

EVQLLESGGGLVQPGGSLRLSCAASGF TFSYYRMWWVRQAPGKGLEWVS
SIGSSGGKTFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
RFLSLGFDYWGQGTLVTVSS

and includes the complementarity determining regions

(CDRs):
[0036] VH CDR1: SEQ ID NO: 7 as defined above;
[0037] VH CDR2: SEQ ID NO: 8 as defined above;
(SEQ ID NO: 10)
VH CDR3: RFLSLGFDY,
[0038] SEQ ID NO:4 is the variable light (VL) domain of

the X19-E01 antibody and has the sequence:

QSELTQPHSASGTPGQRVTISCSGRRSNIGANYVYWYQQYPGTAPKLLI
YRNNQRPSGVPDRFSGSKSDTSASLAISGLRSEDEADYYCAAWDDSLSG

WVFGGGTKLTVL

and includes the following sequences as complementarity
determining regions (CDRs): SEQ ID NO: 11 as VL. CDR4;
SEQ ID NO: 12 as VL. CDRS; and SEQ ID NO: 13 as VL
CDR6,

[0039] SEQID NO:5 is the variable heavy (VH) domain of
the X19-E03 antibody as described in the following
examples, and has the sequence:

Jul. 10,2014

EVQLLESGGGLVQPGGSLRLSCAASGFTFSYYRMWWVRQAPGKGLEWVS
SIGSSGGKTFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
RFLSLGFDYWGQGTLVTVSS

and includes the following sequences as complementarity
determining regions (CDRs): SEQ ID NO: 7 as VH CDR1;
SEQ ID NO: 8 as VH CDR2; and SEQ ID NO: 10 as VH
CDR3,

[0040] SEQ ID NO:6 is the variable light (VL) domain of
the X19-E03 antibody and has the sequence:

QSVLTQPPSASGTPGQRVTISCSGRRSNIGANYVYWYQQLPGTAPKLLI
YRNNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLSG

WVFGGGTKLTVL

and includes the following sequences as complementarity
determining regions (CDRs): SEQ ID NO: 11 as VH CDR4;
SEQ ID NO: 12 as VH CDRS; and SEQ ID NO: 13 as VH
CDR6.

[0041] A summary ofthe SEQ ID NOS, as defined above, is
shown as follows:

X9-Co1 X19-E01 X19-E03

VH sequence SEQIDNO: 1 SEQ ID NO: 3 SEQ ID NO: 5

VL sequence SEQ ID NO: 2 SEQ ID NO: 4 SEQ ID NO: 6

VH CDR1 SEQID NO: 7 SEQ ID NO: 7 SEQ ID NO: 7

VH CDR2 SEQID NO: 8 SEQ ID NO: 8 SEQ ID NO: 8

VH CDR3 SEQID NO: 9 SEQIDNO:10  SEQ ID NO: 10
VL CDR4 SEQIDNO:11 SEQIDNO:11 SEQIDNO:11
VL CDR3 SEQIDNO:12 SEQIDNO:12 SEQID NO:12
VL CDR6 SEQIDNO:13 SEQIDNO:13 SEQIDNO:13
[0042] In a further embodiment of the first aspect of the

invention, the antibody or antibody fragment is based on the
VH and/or VL domains of the X9C-01 antibody, and so—
[0043] the VH domain (i) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
sequence identity SEQ ID NO:1 and/or (ii) comprises a
CDRI1 sequence comprising an amino acid sequence
having at least 20%, 40%, 60%, 80% or 100% sequence
identity to the sequence of SEQ ID NO: 7, a CDR2
sequence comprising an amino acid sequence having at
least 5%, 11%, 17%, 23%, 29%, 35%, 41%, 47%, 52%,
58%, 64%, 70%, 76%, 82%, 88%, 94%, or 100%
sequence identity to the sequence of SEQ ID NO: 8, and
a CDR3 sequence comprising an amino acid sequence
having at least 11%, 22%, 33%, 44%, 55%, 66%, 77%,
88% or 100% sequence identity to the sequence of SEQ
ID NO: 9; and/or
[0044] the VL domain (iii) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
sequence identity SEQ ID NO: 2 and/or (iv) a CDR4
sequence comprising an amino acid sequence having at
least 7.5%, 15%, 23%, 30%, 38%, 46%, 53%, 61%,
69%, 76%, 84%, 92% or 100% sequence identity to the
sequence of SEQ ID NO: 11, a CDRS sequence com-
prising an amino acid sequence having at least 14%,
28%, 42%, 57%, 71%, 85% or 100% sequence identity
to the sequence of SEQ ID NO: 12, and a CDR6
sequence comprising an amino acid sequence having at
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least 9%, 18%, 27%, 36%, 45%, 54%, 63%, 72%, 81%,

90% or 100% sequence identity to the sequence of SEQ

ID NO: 13. It may be preferred that the VH domain

comprises the sequence of SEQ ID NO:1 and the VL.

domain comprises the sequence of SEQ ID NO: 2.
[0045] The antibody or antibody fragment of this embodi-
ment may further comprise a heavy chain constant (CH)
region or a fragment thereof which fragment may comprise,
for example, at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320 or more
amino acids of a CH region. The CH region or a fragment
thereof may be joined to the VH domain. There is no particu-
lar limitation on the CH region although in one embodiment
it is a human CH region. The art contains many examples of
human CH regions. Exemplary human CH regions for use in
this context include:

(SEQ ID NO: 14)
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG

VHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQ
SVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK .

[0046] SEQ ID NO:14 is the CH region of X9C-01 and has
the sequence of a CH region of Human IgG1 (UniProtKB/
Swiss-Prot: P01857.1). Optionally, the terminal K (Lys) in
the CH region of SEQ ID NO: 14 may be removed, which
reduces or avoids the potential for peptidase degradation.
[0047] The antibody or antibody fragment of this embodi-
ment may additionally, or alternatively further comprise a
light chain constant (CL) region or a fragment thereof which
fragment may comprise, for example, at least 10, 20, 30, 40,
50, 60, 70, 80, 90, 100 or more amino acids of a CL region.
The CL region or a fragment thereof may be joined to the VL.
domain. There is no particular limitation on the CL region
although in one embodiment it is a human CL region. The art
contains many examples of human CL regions. An exemplary
human CL region for use in this context includes:

(SEQ ID NO: 15)
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVK

AGVETTTPSKQ SNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEK

TVAPTECS .

[0048] SEQ ID NO:15 is the CL region of X9C-01, and
possesses the sequence of the CL region of Human lambda
(GenBank: J00253.1). According to this embodiment, it may
be preferred that the VH domain comprises the sequence of
SEQ ID NO:1, linked to the CH region of SEQ ID N: 14 and
the VL domain comprises the sequence of SEQ ID NO: 2
linked to the CL region of SEQ ID NO: 15.
[0049] In another embodiment of the first aspect of the
invention, antibody or antibody fragment is based on the VH
and/or VL domains of the X19-E01 antibody, and so—
[0050] the VH domain (i) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
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sequence identity SEQ ID NO:3 and/or (ii) comprises a
CDRI1 sequence comprising an amino acid sequence
having at least 20%, 40%, 60%, 80% or 100% sequence
identity to the sequence of SEQ ID NO: 7, a CDR2
sequence comprising an amino acid sequence having at
least 5%, 11%, 17%, 23%, 29%, 35%, 41%, 47%, 52%,
58%, 64%, 70%, 76%, 82%, 88%, 94%, or 100%
sequence identity to the sequence of SEQ ID NO: 8, and
a CDR3 sequence comprising an amino acid sequence
having at least 11%, 22%, 33%, 44%, 55%, 66%, 77%,
88% or 100% sequence identity to the sequence of SEQ
ID NO: 10; and/or
[0051] the VL domain (iii) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
sequence identity SEQ ID NO: 4 and/or (iv) a CDR4
sequence comprising an amino acid sequence having at
least 7.5%, 15%, 23%, 30%, 38%, 46%, 53%, 61%,
69%, 76%, 84%, 92% or 100% sequence identity to the
sequence of SEQ ID NO: 11, a CDRS sequence com-
prising an amino acid sequence having at least 14%,
28%, 42%, 57%, 71%, 85% or 100% sequence identity
to the sequence of SEQ ID NO: 12, and a CDR6
sequence comprising an amino acid sequence having at
least 9%, 18%, 27%, 36%, 45%, 54%, 63%, 72%, 81%,
90% or 100% sequence identity to the sequence of SEQ
ID NO: 13. It may be preferred that the VH domain
comprises the sequence of SEQ ID NO:3 and the VL
domain comprises the sequence of SEQ ID NO: 4.
[0052] The antibody or antibody fragment of this embodi-
ment may further comprise a heavy chain constant (CH)
region or a fragment thereof which fragment may comprise,
for example, at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320 or more
amino acids of a CH region. The CH region or a fragment
thereof may be joined to the VH domain. There is no particu-
lar limitation on the CH region although in one embodiment
it is a human CH region. The art contains many examples of
human CH regions. An exemplary human CH region for use
in this context includes SEQ ID NO: 14.
[0053] The antibody or antibody fragment of this embodi-
ment may additionally, or alternatively further comprise a
light chain constant (CL) region or a fragment thereof which
fragment may comprise, for example, at least 10, 20, 30, 40,
50, 60, 70, 80, 90, 100 or more amino acids of a CL region.
The CL region or a fragment thereof may be joined to the VL.
domain. There is no particular limitation on the CL region
although in one embodiment it is a human CL region. The art
contains many examples of human CL regions. An exemplary
human CL region for use in this context includes SEQ ID NO:
15.
[0054] According to this embodiment, it may be preferred
that the VH domain comprises the sequence of SEQ ID NO:3,
linked to the CH region of SEQ ID NO: 14 and the VL. domain
comprises the sequence of SEQ ID NO: 4 linked to the CL.
region of SEQ ID NO: 15.
[0055] In another embodiment of the first aspect of the
invention, antibody or antibody fragment is based on the VH
and/or VL domains of the X19-E03 antibody, and so—
[0056] the VH domain (i) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
sequence identity SEQ ID NO:5 and/or (ii) comprises a
CDRI1 sequence comprising an amino acid sequence
having at least 20%, 40%, 60%, 80% or 100% sequence
identity to the sequence of SEQ ID NO: 7, a CDR2
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sequence comprising an amino acid sequence having at
least 5%, 11%, 17%, 23%, 29%, 35%, 41%, 47%, 52%,
58%, 64%, 70%, 76%, 82%, 88%, 94%, or 100%
sequence identity to the sequence of SEQ ID NO: 8, and
a CDR3 sequence comprising an amino acid sequence
having at least 11%, 22%, 33%, 44%, 55%, 66%, 77%,
88% or 100% sequence identity to the sequence of SEQ
ID NO: 10; and/or
[0057] the VL domain (iii) comprises an amino acid
sequence having at least 80%, 85%, 90%, 95% or 100%
sequence identity SEQ ID NO: 6 and/or (iv) a CDR4
sequence comprising an amino acid sequence having at
least 7.5%, 15%, 23%, 30%, 38%, 46%, 53%, 61%,
69%, 76%, 84%, 92% or 100% sequence identity to the
sequence of SEQ ID NO: 11, a CDRS sequence com-
prising an amino acid sequence having at least 14%,
28%, 42%, 57%, 71%, 85% or 100% sequence identity
to the sequence of SEQ ID NO: 12, and a CDR6
sequence comprising an amino acid sequence having at
least 9%, 18%, 27%, 36%, 45%, 54%, 63%, 72%, 81%,
90% or 100% sequence identity to the sequence of SEQ
ID NO: 13. It may be preferred that the VH domain
comprises the sequence of SEQ ID NO:5 and the VL.
domain comprises the sequence of SEQ ID NO: 6.
[0058] The antibody or antibody fragment of this embodi-
ment may further comprise a heavy chain constant (CH)
region or a fragment thereof which fragment may comprise,
for example, at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320 or more
amino acids of a CH region. The CH region or a fragment
thereof may be joined to the VH domain. There is no particu-
lar limitation on the CH region although in one embodiment
it is a human CH region. The art contains many examples of
human CH regions. An exemplary human CH region for use
in this context includes SEQ ID NO: 14.
[0059] The antibody or antibody fragment of this embodi-
ment may additionally, or alternatively further comprise a
light chain constant (CL) region or a fragment thereof which
fragment may comprise, for example, at least 10, 20, 30, 40,
50, 60, 70, 80, 90, 100 or more amino acids of a CL region.
The CL region or a fragment thereof may be joined to the VL.
domain. There is no particular limitation on the CL region
although in one embodiment it is a human CL region. The art
contains many examples of human CL regions. An exemplary
human CL region for use in this context includes SEQ ID NO:
15.

[0060] According to this embodiment, it may be preferred
that the VH domain comprises the sequence of SEQ ID NO:5,
linked to the CH region of SEQ ID NO: 14 and the VL. domain
comprises the sequence of SEQ ID NO: 6 linked to the CL.
region of SEQ ID NO: 15.

[0061] In the various foregoing embodiments, the discus-
sion of CH regions and fragments thereof is also intended to
include the option of using a variant of either. The variant
comprises a sequence having less than 100% sequence iden-
tity to the stated CH region or fragment thereof, such as
greater than 50%, 60%, 70%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% sequence identity. Accordingly, variants
of'a CH region or a fragment thereof may posses one or more
(suchas 2,3,4,5,6,7,8,9,10, 15, 20, 25, 30, 40, 50, 60, 70
80, 90, 100, 110, 120, 130, 140, 150 160 or more) sequence
variations compared to the stated CH region or fragment
thereof. Variations in sequence may be due to one or more
amino acid additions, one or more amino acid deletions and/
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or one or more amino acid substitutions compared to the
stated CH region or fragment thereof. Where there is more
than one variation, then the variations may be in consecutive
or non-consecutive positions.

[0062] Likewise, in the various foregoing embodiments,
the discussion of CL regions and fragments thereof is also
intended to include the option of using a variant of either. The
variant comprises a sequence having less than 100%
sequence identity to the stated CL region or fragment thereof,
such as greater than 50%, 60%, 70%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% sequence identity. Accordingly,
variants of'a CL region or a fragment thereof may posses one
ormore (suchas2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 40, 50,
60 or more) sequence variations compared to the stated CL.
region or fragment thereof. Variations in sequence may be due
to one or more amino acid additions, one or more amino acid
deletions and/or one or more amino acid substitutions com-
pared to the stated CL region or fragment thereof. Where
there is more than one variation, then the variations may be in
consecutive or non-consecutive positions.

[0063] In the antibody or antibody fragment according to
the foregoing embodiments, it may be preferred that the VH
domain, the VL domain, or preferably both of the VH and VL.
domains, comprise an amino acid sequence having 100%
sequence identity to the, or in the case of stated SEQ ID NOs
that correspond to individual CDR sequences then one or
more (such as, two or three) of each, stated SEQ ID NO.
[0064] Thus, for example, a preferred antibody or antibody
fragment according to the foregoing embodiments that is
based on the X9C-01 antibody may comprise a VH domain
comprising the sequence of SEQ ID NO:1 and/or a VL
domain comprising the sequence of SEQ ID NO: 2; a pre-
ferred antibody or antibody fragment according to the fore-
going embodiments that is based on the X19-E01 antibody
may comprise a VH domain comprising the sequence of SEQ
ID NO:3 and/or a VL. domain comprising the sequence of
SEQIDNO: 4; and a preferred antibody or antibody fragment
according to the foregoing embodiments that is based on the
X19-E03 antibody may comprise a VH domain comprising
the sequence of SEQ ID NO:5 and/or a VL domain compris-
ing the sequence of SEQ ID NO: 6.

[0065] Alternatively, in another embodiment, an antibody
or antibody fragment according to the foregoing embodi-
ments may comprise a VH domain, a VL, domain, or both of
the VH and VL. domains, that each comprises an amino acid
sequence having less than 100% sequence identity to the, orin
the case of stated SEQ ID NOs that correspond to individual
CDR sequences then one or more (such as, two or three) of
each, stated SEQ ID NO.

[0066] In accordance with the first aspect of the present
invention, a sequence comprising an amino acid sequence
having less than 100% sequence identity to the stated SEQ ID
NO may be a sequence possessing one or more (such as 2, 3,
4,5,6,7,8,9, 10 or more) sequence variations compared to
the stated SEQ ID NO. Variations in sequence may be due to
one or more (such as 2,3, 4,5, 6,7,8,9, 10 or more) amino
acid additions, one or more (such as 2,3,4,5,6,7,8,9, 10 or
more) amino acid deletions and/or one or more (such as 2, 3,
4,5,6,7,8,9,10 or more) amino acid substitutions compared
to the stated SEQ ID NO. Where there is more than one
variation, then the variations may be in consecutive or non-
consecutive positions.

[0067] The one or more variations in sequence in a variant
antigen binding region that has less than 100%, but at least
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80%, 85%, 90%, 95%, sequence identity to a stated SEQ ID
NO selected from SEQ ID NOs: 1-6 may be present in, or
exclusively in, the amino acid sequence that form one or more
of the framework regions. Framework regions comprise the
amino acid regions that do not form the CDRs as defined
herein.

[0068] Additionally or alternatively, one or more variations
in sequence in an antigen binding region that has less than
100%, but at least 80%, 85%, 90%, 95%, sequence identity to
a stated SEQ ID NO selected from SEQ ID NOs: 1-6 may be
present in, or exclusively in, the amino acid sequence that
form one or more of the complementarity determining
regions (CDRs). The CDRs in SEQ ID NOs: 1-6 are as
defined above by reference to SEQ ID NOs: 7-13 and are also
shown in Tables 2 and 3 below.

[0069] In all embodiments of the first aspect of the inven-
tion, in general higher levels of sequence modifications may
be tolerated in the framework regions than in the CDRs with-
out substantially altering the binding characteristics and/or in
vivo efficacy of the antibody or antibody fragment.

[0070] Thus, for example, in a further embodiment, a, the,
or each, CDR in an antibody or antibody fragment according
to the first aspect of the present invention may comprise up to
1,2,3,4,5,6,7,8, 9 or 10 amino acid substitutions, insertions
and/or deletions compared to the ‘parent’ CDR sequence
defined one of SEQ ID NOs 7 to 13 and preferably not more
than 5, 4, 3, 2 or 1 amino acid substitutions, insertions and/or
deletions; it may be preferred that the number of amino acid
substitutions, insertions and/or deletions implemented in the
CDR sequence to not reduce the level of sequence identity to
less than 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95% com-
pared to the corresponding defined SEQ ID NO.

[0071] Additionally, and/or alternatively, a, the, or each,
framework region in an antibody or antibody fragment
according to the first aspect of the present invention may
compriseupto1,2,3,4,5,6,7,8,9,10,11,12,13,14,15, 16,
17, 18, 19, 20, or more amino acid substitutions, insertions
and/or deletions compared to the corresponding framework
sequence present in any of the VH or VL sequences defined
SEQ ID NOs 1 to 16, and optionally not more than 10, 9, 8, 7,
6, 5,4,3, 2 or 1 amino acid substitutions, insertions and/or
deletions; it may be preferred that the number of amino acid
substitutions, insertions and/or deletions implemented in any
framework region to not reduce the level of sequence identity
to less than 10%, 20%, 30%, 40% 50%, 60%, 70%, 75%,
80%, 85%, 90%, 95% compared to the corresponding defined
SEQ ID NO.

[0072] Substitutions, whether in one or more of the frame-
work or complementarity determining regions, may be con-
servative or non-conservative substitutions. By “conservative
substitutions” is intended combinations such as Gly, Ala; Val,
Ile, Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.
[0073] Sequence variations may, for example, be intro-
duced in order to render the sequence of the antigen binding
region(s) closer to germline sequences, to improve the stabil-
ity of the antibody or antibody fragment comprising the vari-
ant antigen binding region(s), to reduce the immunogenicity
of the antibody or antibody fragment comprising the variant
antigen binding region(s), and/or to avoid or reduce proper-
ties that could be disadvantageous in the manufacturing pro-
cess. Non-limiting examples of suitable sequence variations
are shown in the examples with reference to the variations
introduced into the heavy and/or light chain sequences of
X9C-01 in order to produce X19-E01 and/or X19-E03.
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[0074] Such variants may be made using the methods of
protein engineering and site-directed mutagenesis as
described below or alternative methods that are well known in
the art.

[0075] Where the VH domain, the VL domain, or both of
the VH and VL. domains, of the antibody or antibody fragment
of'the first aspect of the present invention comprise(s) one or
more amino acid sequence having less than 100% sequence
identity to the, or one or more of each, stated SEQ ID NO,
then in one embodiment the ability of the antibody or anti-
body fragment to bind to phosphorylcholine and/or a phos-
phorylcholine conjugate may, for example, be substantially
equivalent to (that is, at least 80%, 85%, 90% or 95%, of), or
greater than, the ability of a corresponding ‘parent” antibody
or antibody fragment, wherein the VH domain and the VL.
domain of the corresponding ‘parent’ antibody or antibody
fragment each comprise an antigen-binding sequence com-
prising an amino acid sequence having 100% sequence iden-
tity to the, or each, stated SEQ ID NO.

[0076] Thus, for example, where the antibody or antibody
fragment is based on the X9C-01 antibody, and the VH
domain comprises an antigen-binding sequence comprising
an amino acid sequence having less than 100%, but at least
80%, 85%, 90%, or 95% sequence identity SEQ ID NO:1;
and/or the VL domain comprises an antigen-binding
sequence comprising an amino acid sequence having less
than 100%, but at least 80%, 85%, 90%, or 95% sequence
identity SEQ ID NO: 2, then the ability of the antibody or
antibody fragment to bind to phosphorylcholine and/or a
phosphorylcholine conjugate may, for example, be equivalent
to the binding ability of a corresponding ‘parent” antibody or
antibody fragment having a VH domain that comprises the
sequence of SEQ ID NO:1 and a VL. domain that comprises
the sequence of SEQ ID NO: 2. In this context, by “corre-
sponding ‘parent” antibody or antibody fragment” is meant
that the only sequence difference between the “antibody or
antibody fragment” in hand and the “corresponding ‘parent’
antibody or antibody fragment™ is in one or both of the anti-
gen-binding sequences of the VH and/or VL. domain. In one
embodiment, the corresponding parent antibody is an anti-
body having the sequence ofthe VH, VL, CH and CL regions
0ot X9C-01, thatis, a VH domain of SEQ ID NO:1 linked to the
CH region of SEQ ID NO: 14 and the VL domain of SEQ ID
NO: 2 linked to the CL region of SEQ ID NO: 15.

[0077] The same applies, mutatis mutandis, to the other
antibody or antibody fragment listed above wherein the VH
and/or VL. domains comprise(s) one or more amino acid
sequences having less than 100% sequence identity to the, or
one or more of each, stated SEQ ID No, and the “correspond-
ing ‘parent’ antibody or antibody fragment” for the purposes
of determining binding equivalence to phosphorylcholine
and/or a phosphorylcholine conjugate differs only in the one
or both of the VH and/or VL. domain and possess(es) the, or
each, antigen-binding sequences comprising an amino acid
sequence having 100% sequence identity to the, or each,
stated SEQ ID NO.

[0078] Inthis regard, the ability of an antibody or antibody
fragment to bind to phosphorylcholine and/or a phosphoryl-
choline conjugate may be determined by any suitable method,
such as by Surface Plasmon Resonance (SPR) analysis, to
measure the binding of the antibody or antibody fragment to
phosphorylcholine immobilized (for example via an ami-
nophenyl linker) to a solid surface such as the Biacore SPR
biosensor.
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[0079] As discussed in the examples below, X9C-01 binds
aminophenyl phosphorylcholine with an apparent Kd of
about 300 nM. In one embodiment, an antibody or antibody
fragment according to the present invention will bind to
immobilized aminophenyl phosphorylcholine with an appar-
ent Kd of no greater than about 600 nM, about 500 nM, about
400 nM, about 350 nM, about 325 nM, about 320 nM, about
315 nM, about 310 nM, about 305 nM, about 300 nM, or less
when tested under conditions (such as the SPR conditions
used in the examples) that provide for binding of an antibody
or antibody fragment having the VH and VL. domains of
X9C-01 (as defined by SEQ ID NOS 1 and 2, respectively) to
immobilized aminophenyl phosphorylcholine with an appar-
ent Kd of about 300 nM. In this context, the term “about” is
used to mean a value that is within +20%, 15%, 10%, 5%, 4%,
3%, 2%, or 1% of the stated value.

[0080] In an additional embodiment, an antibody or anti-
body fragment according to the first aspect of the present
invention competes with a ‘comparator’ antibody or antibody
fragment for binding to PC or a PC conjugate as defined
herein (e.g., as determined in an ELISA or SPR assay). In this
context, a comparator antibody or antibody fragment may
comprise the VH and VL. domains, and optionally also the CH
and CL domains, of X9C-01 (as defined by SEQ ID NOs: 1,
2,14 and 15, respectively), X19-EO1 (as defined by SEQ ID
NOs: 3, 4, 14 and 15, respectively) or X19-E03 (as defined by
SEQ ID NOs: 5, 6, 14 and 15, respectively), and preferably
differs from the antibody or antibody fragment being tested
only by sequence variation in the VH and/or VL regions. By
‘competes’, we mean that inclusion of equimolar amounts of
the antibody or antibody fragment according to the first
aspect of the present invention and the ‘comparator’ antibody
in an assay can reduce the detectable level of binding to PC or
a PC conjugate of the comparator antibody by 10% 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more, such as
substantially 100%, in comparison to the detectable level of
binding to PC or a PC conjugate of the ‘comparator’ antibody
in the same assay in the absence of the antibody or antibody
fragment according to the first aspect of the present invention.

[0081] As also discussed in the examples below, X9C-01
can block the release of MCP-1 from monocytes in response
to stimulation with oxL.DL with an IC,, in the nM range. In
another embodiment, an antibody or antibody fragment
according to the present invention will block the release of
MCP-1 from endothelial cells in response to stimulation with
oxL.DL with an ICs, of less than about 10 nM, about 7 nM,
about 6 nM, about 5 nM, about 4 nM, about 3 nM, about 2 nM,
about 1 nM, about 0.9 nM, about 0.8 nM, about 0.7 nM, about
0.6 nM, or less when tested under conditions (such as
described in the example below) that provide for an IC,, of an
antibody or antibody fragment having the VH and VL
domains of X9C-01 (as defined by SEQ ID NOS 1 and 2,
respectively) in the range of about 0.6 to 3.4 nM. In this
context, the term “about” is used to mean a value that is within
+20%, 15%, 10%, 5%, 4%, 3%, 2%, or 1% of the stated value.
[0082] The ability of an antibody or antibody fragment
according to the present invention to bind to a phosphoryl-
choline conjugate may be determined by equivalent methods
to those described above, replacing phosphorylcholine with
the phosphorylcholine conjugate. Suitable phosphorylcho-
line conjugates include those discussed above, comprising a
phosphorylcholine moiety linked to a carrier, optionally via a
spacer, such as PC-BSA and PC-KIH conjugates. Preferably,
where the ability of an antibody or antibody fragment to bind
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to the phosphorylcholine conjugate is determined, it is deter-
mined with respect to the ability of the antibody or antibody
fragment to bind specifically to the phosphorylcholine moiety
in the phosphorylcholine conjugate. This can be determined
by art-known techniques such as by comparing the ability of
the antibody or antibody fragment to bind to the phosphoryl-
choline conjugate and the corresponding molecule that does
not contain a phosphorylcholine moiety.
[0083] In one embodiment, the antibody or antibody frag-
ment of the present invention may be comprise the VH
domain and the VL domain in a linear polypeptide sequence.
[0084] In another embodiment, the antibody or antibody
fragment of the present invention may comprise the VH
domain and the VL. domain each in a separate polypeptide
sequence. In this embodiment, it may be preferred that the
separate polypeptide sequence are directly or indirectly
bound together (such as by one or more disulphide bonds
between the separate polypeptide sequence).
[0085] In another embodiment, the VH domain may be
joined to a CH region, or a fragment thereof which fragment
may comprise, for example, at least 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300,
320 or more amino acids ofa CH region, or a variant of the CH
region or a fragment thereof, as described above. The join
may be a direct fusion via a peptide bond, such that the VH
domain and CH region are presented as a single polypeptide,
or the join may be through a linker, such as a peptide or other
linker, or via a direct chemical bond other than a peptide bond.
There is no particular limitation on the CH region although in
one embodiment it is a human CH region. The art contains
many examples of human CH regions. An exemplary human
CH regions for use in this context includes SEQ ID NO: 14.
[0086] In another embodiment, the VL. domain may be
joined to a CL region, or a fragment may comprise, for
example, atleast 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more
amino acids of a CL region, or a variant of the CL region or a
fragment thereof, as described above. The join may be a direct
fusion via a peptide bond, such that the VL. domain and CL.
region are presented as a single polypeptide, or the join may
be through a linker, such as a peptide or other linker, or via a
direct chemical bond other than a peptide bond. There is no
particular limitation on the CL region although in one
embodiment it is a human CL region. The art contains many
examples of human CL regions. An exemplary human CL
region for use in this context includes SEQ ID NO: 15.
[0087] In another embodiment, the antibody or antibody
fragment of the present invention may comprise a VH domain
joined to a CH region in one polypeptide sequence, and a VL.
domain joined to a CL region in another separate polypeptide
sequence. In this embodiment, it may be preferred that the
separate polypeptide sequence are directly or indirectly
bound together (such as by one or more disulphide bonds
between the separate polypeptide sequence).
[0088] In a further embodiment, the antibody or antibody
fragment of the present invention may comprise—

[0089] a first heavy chain comprising a first VH domain

joined to a first CH region,
[0090] a first light chain comprising a first VL. domain
joined to a first CL region;

[0091] a second heavy chain comprising a second VH
domain joined to a second CH region,

[0092] a second light chain comprising a second VL.
domain joined to a second CL region; and
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wherein optionally, the first light and first heavy chains are
directly or indirectly bound together (such as by one or more
disulphide bonds between the separate polypeptide sequence)
and the second light and second heavy chains are directly or
indirectly bound together (such as by one or more disulphide
bonds between the separate polypeptide sequence), and fur-
ther optionally, wherein the first and second heavy chains
directly or indirectly bound together (such as by one or more

disulphide bonds between the separate polypeptide
sequence).
[0093] In a further embodiment, the antibody or antibody

fragment of the present invention may be a monoclonal anti-
body, more preferably a human monoclonal antibody.
[0094] The antibody or antibody fragment of the present
invention may be a humanized antibody or a chimeric anti-
body.

[0095] In one preferred embodiment, the antibody or anti-
body fragment of the present invention is an isolated antibody
or antibody fragment.

[0096] In another embodiment, the antibody or antibody
fragment of the present invention may comprise one or more
of'the amino acid sequences comprising the VH, VL, CDR1,
CDR2, CDR3, CDR4, CDR5 and/or CDR6 sequences
described above grafted onto a protein scaffolds of immuno-
globulins using standard protein engineering techniques. The
skilled person will appreciate that various protein scaffolds
are available for use and commonly known in the art. The end
result is preserved antigen-binding activity in a new frame-
work.

[0097] For example, the scatfolds of immunoglobulins can
be derived from IgA, IgE, 1gG1, IgG2a, IgG2b, 1gG3, IgM.
The scaffolds can be derived from an immunoglobulin from
any mammal, such as mice, rats, rabbits, goats, camels, 1la-
mas, primates. It may be preferred that the immunoglobulin
scaffold is derived from human immunoglobulins.

[0098] The antibody fragments according to the first aspect
of'the present invention can be generated by standard molecu-
lar biology techniques or by cleavage of purified antibodies
using enzymes (e.g. pepsin or papain) that generates these
fragments. Such antibody fragments according to the inven-
tion are exemplified, but not limited to, single chain antibod-
ies, Fv, scFv, Fab, F(ab'),, Fab', Fd, dAb, CDR, or scFv-Fc
fragments or nanobodies, and diabodies, or any fragment that
may have been stabilized by e.g. PEGylation.

[0099] A second aspect of the present invention provides a
pharmaceutical composition comprising an antibody or an
antibody fragment according to the first aspect of the inven-
tion and a pharmaceutically acceptable carrier or excipient.
Optionally, the only antibodies or antibody fragments present
in the composition are those of the first aspect of the present
invention. More preferably, there may be a single type of
antibody or antibody fragment present in the composition, for
example wherein type is determined with respect to amino
acid sequence, molecular weight and/or binding specificity to
phosphorylcholine. In this regard, the skilled person will
appreciate that there may be some low levels of variation in
the sequences of antibodies or antibody fragments in any
population due, for example, to N-terminal variation and/or
partial degradation; accordingly, in this context, a composi-
tion can be said to contain a single type of antibody or anti-
body fragment if, for example, atleast about 80%, about 90%,
about 95%, about 96%, about 97%, about 98%, about 99% or
substantially 100% by weight of the detectable level of anti-
bodies or antibody fragments in the composition are of a
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single type as determined with respect to amino acid
sequence, molecular weight and/or binding specificity to
phosphorylcholine.

[0100] A third aspect of the present invention provides an
antibody or antibody fragment according to the first aspect of
the present invention, or a pharmaceutical composition
according to the second aspect of the present invention for use
in medicine, such as for use in a method of therapy, surgery or
diagnosis that is performed on the human or animal body or
on an ex vivo sample therefrom.

[0101] For example, the third aspect of the present inven-
tion provides an antibody or antibody fragment according to
the first aspect of the present invention, or a pharmaceutical
composition according to the second aspect of the present
invention, for use in the prevention, prophylaxis and/or treat-
ment of mammals, including humans, against atherosclero-
sis, an atherosclerotic related disease or cardiovascular dis-
ease.

[0102] Inother words, the third aspect of the present inven-
tion provides for the use of an antibody or antibody fragment
according to the first aspect of the present invention, or a
pharmaceutical composition according to the second aspect
of'the present invention, in the manufacture of a medicament
for the prevention, prophylaxis and/or treatment of mammals,
including humans, against atherosclerosis, an atherosclerotic
related disease or cardiovascular disease.

[0103] Also provided is a method for prevention, prophy-
laxis and/or treatment of a mammal, including a human,
against atherosclerosis, an atherosclerotic related disease, or
cardiovascular disease, the method comprising the step of
administering to the mammal an antibody or antibody frag-
ment according to the first aspect of the invention, or a phar-
maceutical composition according to the second aspect of the
invention.

[0104] The third aspect of the present invention also pro-
vides an antibody or antibody fragment according to the first
aspect of the present invention, or a pharmaceutical compo-
sition according to the second aspect of the present invention,
for use in the prophylaxis, prevention and/or treatment of
Alzheimer’s disease.

[0105] Inother words, the third aspect of the present inven-
tion provides for the use of an antibody or antibody fragment
according to the first aspect of the present invention, or a
pharmaceutical composition according to the second aspect
of'the present invention, in the manufacture of a medicament
for the prophylaxis, prevention and/or treatment of Alzhe-
imer’s disease.

[0106] Also provided is a method for immunization and
prophylaxis, prevention and/or treatment of a subject against
Alzheimer’s disease, the method comprising the step of
administering to the subject an antibody or antibody fragment
according to the first aspect of the invention, or a pharmaceu-
tical composition according to the second aspect of the inven-
tion.

[0107] The third aspect of the present invention also pro-
vides an antibody or antibody fragment according to the first
aspect of the present invention, or a pharmaceutical compo-
sition according to the second aspect of the present invention,
for use in the immunization or prophylaxis against, or the
prevention or treatment of, metabolic disease in mammals,
including humans.

[0108] Inother words, the third aspect of the present inven-
tion provides for the use of an antibody or antibody fragment
according to the first aspect of the present invention, or a
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pharmaceutical composition according to the second aspect
of'the present invention, in the manufacture of a medicament
for the prophylaxis prevention or treatment of, metabolic
disease in mammals, including humans.

[0109] Also provided is a method for the immunization or
prophylaxis against, or the treatment of, metabolic diseases in
a mammal, such as a human, the method comprising the step
of administering to the mammal an antibody or antibody
fragment according to the first aspect of the present invention,
or a pharmaceutical composition according to the second
aspect of the present invention.

[0110] The metabolic disease to be addressed and/or
treated in accordance with the third aspect of the present
invention may, for example, be a condition selected from the
group consisting of metabolic syndrome, insulin resistance,
glucose intolerance, hyperglycemia, type I diabetes, type 11
diabetes, hyperlipidemia, hypertriglyceridemia, hypercho-
lesterolemia, dyslipidemia, and polycystic ovary syndrome
(PCOS).

[0111] A fourth aspect of the present invention provides a
nucleic acid molecule comprising a sequence encoding an
antibody or an antibody fragment, or polypeptide chain form-
ing part of the antibody or an antibody fragment, according to
the first aspect of the invention. The nucleic acid molecule
may, for example, be DNA or RNA. The nucleic acid mol-
ecule may comprise additional sequence 5' and/or 3' to the
sequence encoding the, or part of, the antibody or an antibody
fragment according to the first aspect of the invention. Such 5'
and 3' sequences may include transcriptional and/or transla-
tional regulatory sequences, such as promoter and/or termi-
nator sequences which are well known in the art and may, for
example, be selected in order to be functional in a host cell of
choice. Accordingly, the nucleic acid molecule may comprise
an expression cassette that, following transformation into a
host cell of choice, can be expressed by the transcriptional
and/or translational systems of the host cell to result in the
production of the encoded antibody or an antibody fragment,
or polypeptide chain forming part of the antibody or an anti-
body fragment, according to the first aspect of the invention.
[0112] A fifth aspect of the present invention provides a
vector or plasmid comprising one or more nucleic acid
sequences according to the fourth aspect of the invention.
Where the antibody or antibody fragment comprises more
than one polypeptide chain, the vector or plasmid may, for
example, comprise a nucleic acid coding sequence encoding
each polypeptide chain, such thata host cell transformed with
the vector or plasmid can express all polypeptide chains
present in the antibody or antibody fragment.

[0113] Accordingly, the fifth aspect also provides for the
use of a vector or plasmid in the transformation of a host cell.
Methods of transforming host cells with vectors or plasmids
are well known in the art. To aid the selection of transformed
host cells, the vector or plasmid may comprise a selectable
marker.

[0114] A sixth aspect of the present invention provides a
host cell comprising one or more vectors or plasmids accord-
ing to the fifth aspect of the invention. The sixth aspect also
provides for a culture of cells comprising the one or more
vectors or plasmids according to the fifth aspect of the inven-
tion, such as monoculture in which all or substantially all cells
comprise the same one or more vectors or plasmids according
to the fifth aspect of the invention. Such monocultures can be
obtained, for example, by selecting cells for the presence of
one or more selectable markers on the one or more plasmids
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or vectors and optionally maintaining the selective pressure
during the growth of the selected cell in culture.

[0115] Where the antibody or antibody fragment according
to the first aspect of the present invention comprises more
than one polypeptide chain, the host cell may be transformed
with a single vector or plasmid that comprises a nucleic acid
coding sequence encoding each polypeptide chain, such that
ahost cell transformed with the vector or plasmid can express
all polypeptide chains present in the antibody or antibody
fragment.

[0116] Alternatively, where the antibody or antibody frag-
ment according to the first aspect of the present invention
comprises more than one polypeptide chain, the host cell may
be transformed with more than one vector or plasmid that
each comprises a nucleic acid coding sequence encoding at
least one of the polypeptide chains, such that a host cell
transformed with the more than one vectors or plasmids can
express all polypeptide chains present in the antibody or
antibody fragment.

[0117] In a further alternative, where the antibody or anti-
body fragment according to the first aspect of the present
invention comprises more than one polypeptide chain, mul-
tiple host cells may each be transformed with a vector or
plasmid that each comprises a different nucleic acid coding
sequence each encoding one or more different members of the
different polypeptide chains that form the antibody or anti-
body fragment, and each different host cell cultured sepa-
rately to express each polypeptide chain. The recovered dif-
ferent polypeptide chains can then be combined to produce
the antibody or antibody fragment.

[0118] Any suitable host cell can be used in the fifth and/or
sixth aspects of the invention. For example, the host cell may
be a prokaryotic cell, such as an Escherichia coli cell. The
host cell may be an eukaryotic cell, such as animal cell, a plant
cell, and a fungal cell. Suitable animal cells may include
mammalian cells, avian cells, and insect cells. Suitable mam-
malian cells can include CHO cells, and COS cells. Suitable
fungal cells can include yeast cells, such as a Saccharomyces
cerevisiae cells. Mammalian cells may, or may not, include
human cells, and may or may not include embryonic cells.

[0119] A seventh aspect of the present invention provides a
method for producing an antibody or an antibody fragment
antigen-binding sequence according to the first aspect of the
present invention comprising culturing one or more trans-
formed host cells as described above, and recovering there-
from an antibody or an antibody fragment according to the
first aspect of the present invention.

[0120] An eighth aspect of the present invention provides a
method of preparing a variant of the antibody or antibody
fragments of the first aspect of the present invention, which
variant retains the ability to bind to phosphorylcholine and/or
a phosphorylcholine conjugate, the method comprising—

[0121] (i) providing a nucleic acid according to the
fourth aspect of the present invention encoding a parent
antibody or antibody fragment or polypeptide chain
forming part thereof;

[0122] (ii) introducing one or more nucleotide mutations
(optionally, up to 50, 40, 30, 20, 15,10, 9,8, 7,6, 5,4, 3,
2, or 1 nucleotide mutations), into the amino acid coding
regions of the nucleic acid sequence, optionally within
the regions encoding the VH and/or VL. domain(s), such
that the mutated nucleic acid encodes a variant antibody
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or antibody fragment having a different amino acid
sequence compared to the parent antibody or antibody
fragment;

[0123] (iii) expressing the variant antibody or antibody
fragment, or polypeptide chain forming part thereof, that
is encoded by the mutated nucleic acid sequence; and

[0124] (iv) comparing the ability of the variant antibody
or antibody fragment and the parent antibody or anti-
body fragment to bind to phosphorylcholine and/or a
phosphorylcholine conjugate.

[0125] In accordance with the eighth aspect of the present
invention, nucleotide mutations may be introduced into the
amino acid coding regions of the nucleic acid sequence ran-
domly, or in a site-directed manner. Such mutations may
result in the coding region encoding an amino acid sequence
that contains one or more amino acid additions, one or more
amino acid deletions and/or one or more amino acid substi-
tutions compared to the amino acid sequence encoded by
nucleic acid prior to mutation.

[0126] Such nucleotide mutations may, or may not, resultin
the coding region encoding an amino acid sequence that
contains one or more variations in sequence in the antigen
binding region. Such nucleotide mutations may, for example,
result in amino acid sequence variation (that is, one or more
amino acid additions, one or more amino acid deletions and/
or one or more amino acid substitutions) present in, or exclu-
sively in, the amino acid sequence that form one or more of
the framework regions. Additionally or alternatively, such
nucleotide mutations may, for example, result in amino acid
sequence variation (that is, one or more amino acid additions,
one or more amino acid deletions and/or one or more amino
acid substitutions) present in, or exclusively in, the amino
acid sequence that form one or more of the complementarity
determining regions. Levels of amino acid variations/modi-
fications tolerated in respect of framework regions, CDRs
and/or VH or VL domains as whole are discussed above in
respect of the first aspect of the present invention and may be
applied, mutatis mutandis, to the level of variation/modifica-
tion that can be introduced according to the method of the
eighth aspect of the present invention.

[0127] Additionally or alternatively, such nucleotide muta-
tions may, or may not, result in the coding region encoding an
amino acid sequence that contains one or more variations in
sequence in one or more parts of the antibody or antibody
fragment other than the antigen binding region, such as in one
or more of the CH1, CH2, CH3, CL regions or other regions.
[0128] Where one or more nucleotide mutations result in
one or more amino acid substitutions in the encoded product,
then the one or more substitutions may each, independently,
be conservative or non-conservative substitutions. By “con-
servative substitutions” is intended combinations such as Gly,
Ala; Val, Ile, Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and
Phe, Tyr.

[0129] Nucleotide mutations may, for example, be intro-
duced in order to render the sequence of the encoded antibody
or antibody fragments closer to germline sequences, to
improve the stability of the antibody or antibody fragment
comprising the variant antigen binding region(s), to reduce
the immunogenicity of the antibody or antibody fragment
comprising the variant antigen binding region(s), and/or to
avoid or reduce properties that could be disadvantageous in
the manufacturing process.

[0130] Such nucleotide mutations may be made using
methods that are well known in the art.
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[0131] In accordance with the eighth aspect of the present
invention, the step of assessing the ability of the variant anti-
body or antibody fragment to bind to phosphorylcholine and/
or a phosphorylcholine conjugate may further comprise
selecting those variants that have substantially equal or
enhanced ability to bind to phosphorylcholine and/or a phos-
phorylcholine conjugate compared to the parent.

[0132] The ability of variants and parents to bind phospho-
rylcholine and/or a phosphorylcholine conjugate can be
assessed by methods such as those discussed above in respect
of' the first aspect of the present invention.

[0133] The method of the eighth aspect of the present
invention may optionally further comprising recovering a
nucleic acid molecule that comprises the mutated nucleic acid
sequence that encodes the variant antibody or antibody frag-
ment, and optionally transforming a host cell with a compo-
sition comprising the recovered nucleic acid molecule and
further optionally expressing the variant antibody or antibody
fragment from the host cell, and yet further optionally recov-
ering the thus-expressed variant antibody or antibody frag-
ment from the host cell, and yet further optionally, formulat-
ing the recovered variant antibody or antibody fragment into
a pharmaceutically acceptable composition.

[0134] The eighth aspect of the present invention also pro-
vides a variant antibody or antibody fragment obtained or
obtainable by the method ofthe eighth aspect of the invention,
or a pharmaceutically acceptable obtained or obtainable by
the method of the eighth aspect of the invention, for use in
medicine.

[0135] The eighth aspect of the present invention also pro-
vides a variant antibody or antibody fragment obtained or
obtainable by the method ofthe eighth aspect of the invention,
or a pharmaceutically acceptable obtained or obtainable by
the method of the eighth aspect of the invention, for use in—

[0136] (i) the prevention, prophylaxis and/or treatment
of mammals, including humans, against atherosclerosis,
an atherosclerotic related disease or cardiovascular dis-
ease;

[0137] (ii) in the prophylaxis, prevention and/or treat-
ment of Alzheimer’s disease; and/or

[0138] (iii) in the immunization or prophylaxis against,
or the prevention or treatment of, metabolic disease in
mammals, including humans.

In other words, eighth aspect of the present invention also
provides for the use of a variant antibody or antibody frag-
ment obtained or obtainable by the method of the eighth
aspect of the invention, or the use of a pharmaceutically
acceptable obtained or obtainable by the method of the eighth
aspect of the invention, in the manufacture of a medicament
for—

[0139] (i) the prevention, prophylaxis and/or treatment
of mammals, including humans, against atherosclerosis,
an atherosclerotic related disease or cardiovascular dis-
ease;

[0140] (ii) in the prophylaxis, prevention and/or treat-
ment of Alzheimer’s disease; and/or

[0141] (iii) in the immunization or prophylaxis against,
or the prevention or treatment of, metabolic disease in
mammals, including humans.
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[0142] Accordingly, also provided by the eighth aspect of
the present invention is a method for—

[0143] (i) prevention, prophylaxis and/or treatment of a
mammal, including a human, against atherosclerosis, an
atherosclerotic related disease, or cardiovascular dis-
ease,

[0144] (ii) immunization and prophylaxis, prevention
and/or treatment of a subject against Alzheimer’s dis-
ease; and/or

[0145] (iii) immunization or prophylaxis against, or the
treatment of, metabolic diseases in a mammal, such as a
human,

the method comprising the step of administering to the mam-
mal or subject a variant antibody or antibody fragment
obtained or obtainable by the method of the eighth aspect of
the invention, or the use of a pharmaceutically acceptable
obtained or obtainable by the method of the eighth aspect of
the invention.

[0146] The metabolic disease to be addressed and/or
treated in accordance with the eighth aspect of the present
invention may, for example, be a condition selected from the
group consisting of metabolic syndrome, insulin resistance,
glucose intolerance, hyperglycemia, type I diabetes, type 11
diabetes, hyperlipidemia, hypertriglyceridemia, hypercho-
lesterolemia, dyslipidemia, and polycystic ovary syndrome
(PCOS).

Phosphorylcholine

[0147] By phosphorylcholine (PC) is meant phosphoryl-
choline according to the formula.

N
e | NN |\OH
o

[0148] By a phosphorylcholine conjugate is meant a phos-
phorylcholine moiety linked to a carrier, preferably via a
spacer. The phosphorylcholine moiety can be covalently or
non-covalently linked to the carrier. Preferably the phospho-
rylcholine moiety is linked to the carrier via the phosphate
group.

[0149] The carrier can be, for example, a protein, a carbo-
hydrate, a polymer, latex beads, or colloid metal.

[0150] The phosphorylcholine conjugate may for example
be a protein-PC conjugate, such as a human serum albumin
(HSA)-PC conjugate, a transferrin-PC conjugate, a keyhole
limpet hemocyanin (KLH)-PC conjugate or a bovine serum
albumin (BSA)-PC conjugate.

[0151] Where the PC conjugate comprises PC linked to a
carrier via a spacer, then any suitable spacer may be used.
Non-limiting examples of spacers include coupling agents
(typically, bi-functional compounds), such as a di-carboxylic
acids like succinic and glutaric acid, the corresponding di-
aldehydes, di-amines such as 1,6 diaminohexane, di-substi-
tuted phenols such as p-amino-phenol, p-diazo-phenol,
p-phenylenediamine, p-benzoquinone, and the like.

Cardiovascular Disease

[0152] The term cardiovascular diseases, is intended to
include but is not limited to atherosclerosis, acute coronary
syndrome, acute myocardial infarction, myocardial infarc-
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tion (heart attack), stable and unstable angina pectoris, aneu-
rysms, coronary artery disease (CAD), ischemic heart dis-
ease, ischemic myocardium, cardiac and sudden cardiac
death, cardiomyopathy, congestive heart failure, heart failure,
stenosis, peripheral arterial disease (PAD), intermittent clau-
dication, critical limb ischemia, and stroke.

[0153] The treatment or prevention of cardiovascular dis-
eases using antibodies with reactivity to phosphorylcholine
and phosphorylcholine conjugates is discussed, for example,
in WO 2005/100405 and US 2007-0286868, the contents of
both of which are incorporated herein by reference.

Alzheimer’s Disease

[0154] In accordance with the present invention, antibody
or antibody fragments according to the first aspect may be
used to treat or prevent Alzheimer’s disease in individuals in
need or risk thereof.

[0155] WO 2010/003602 and U.S. Patent Application No.
61/078,677 describe the treatment or prevention of Alzhe-
imer’s disease using antibodies with reactivity to phospho-
rylcholine and phosphorylcholine conjugates, and the con-
tents of both of which are incorporated herein by reference as
further disclosure of ways in which antibody or antibody
fragments according to the first aspect may be used to treat or
prevent Alzheimer’s disease.

Metabolic Diseases

[0156] The term metabolic diseases, is intended to include
but is not limited to metabolic syndrome X, insulin resistance
(IRS), glucose intolerance, hyperglycemia, type I diabetes,
type II diabetes, hyperlipidemia, hypertriglyceridemia,
hypercholesterolemia, dyslipidemia polycystic ovary syn-
drome (PCOS) and related diseases.

[0157] Further discussion of metabolic diseases to be
treated with antibodies with reactivity to phosphorylcholine
and phosphorylcholine conjugates are discussed in WO 2012/
010291, the contents of which are also incorporated herein by
reference for further disclosure of ways in which antibody or
antibody fragments according to the first aspect may be used
to treat or prevent metabolic diseases.

Amino Acid Sequence Identity

[0158] The percent identity between two amino acid
sequences is determined as follows. First, an amino acid
sequence is compared to, for example, SEQ ID NO:1 using
the BLAST 2 Sequences (Bl2seq) program from the stand-
alone version of BLASTZ containing BLASTN version 2.0.
14 and BLASTP version 2.0.14. This stand-alone version of
BLASTZ can be obtained from the U.S. government’s
National Center for Biotechnology Information web site at
ncbi.nlm.nih.gov. Instructions explaining how to use the
Bl2seq program can be found in the readme file accompany-
ing BLASTZ. Bl2seq performs a comparison between two
amino acid sequences using the BLASTP algorithm. To com-
pare two amino acid sequences, the options of Bl2seq are set
as follows: —i is set to a file containing the first amino acid
sequence to be compared (e.g., C:\seql.txt); —j is set to a file
containing the second amino acid sequence to be compared
(e.g., C:\seq2.txt); —p is set to blastp; —o is set to any desired
file name (e.g., C:\output.txt); and all other options are left at
their default setting. For example, the following command
can be used to generate an output file containing a comparison
between two amino acid sequences: C:\Bl2seq —i c:\seql.txt
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—j ci/seq2.txt —p blastp —o c:\output.txt. If the two com-
pared sequences share homology, then the designated output
file will present those regions of homology as aligned
sequences. If the two compared sequences do not share
homology, then the designated output file will not present
aligned sequences. Once aligned, the number of matches is
determined by counting the number of positions where an
identical nucleotide or amino acid residue is presented in both
sequences.

[0159] The percent identity is determined by dividing the
number of matches by the length of the sequence set forth in
an identified sequence followed by multiplying the resulting
value by 100. For example, if a sequence is compared to the
sequence set forth in SEQ ID NO:A (the length of the
sequence set forth in SEQ ID NO: A being 10) and the number
of matches is 9, then the sequence has a percent identity of
90% (i.e., 9+ 10*100=90) to the sequence set forth in SEQ ID
NO:A.

Antibodies

[0160] The term “antibody or antibody fragment” as
referred to herein in the context of the present invention
includes whole antibodies and any antigen binding fragment
referred to as “antigen-binding region” or single chains
thereof.

[0161] An “antibody” may refer to a protein comprising at
least two heavy (H) chains and two light (L) chains inter-
connected by disulfide bonds, or an antigen binding portion
thereof. Fach heavy chain is comprised of a heavy chain
variable region (abbreviated herein as VH) and a heavy chain
constant region. The heavy chain constant region is com-
prised of three domains, CH1, CH2 and CH3. Each light
chain is comprised of a light chain variable region (abbrevi-
ated herein as VL) and a light chain constant region. The light
chain constant region is comprised of one domain, CL.
[0162] The VH and VL regions can be further subdivided
into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that
are more conserved, termed framework regions (FR). Each
VH typically comprises three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following
order: FR1, CDR1,FR2, CDR2, FR3, CDR3, FR4. Likewise,
each VL typically comprises three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the
following order: FRS, CDR4, FR6, CDRS5, FR7, CDR6, FR8.
The variable regions of the heavy and light chains contain a
binding domain that interacts with an antigen. The constant
regions of the antibodies may mediate the binding of the
immunoglobulin to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first
component (C1q) of the classical complement system.
[0163] The term “antigen-binding region”, as used herein,
refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen. It has been shown
that the antigen-binding function of an antibody can be per-
formed by fragments of a full-length antibody. Examples of
binding fragments encompassed within the term “antigen-
binding region” of an antibody include—
[0164] (i) a Fab fragment, a monovalent fragment con-
sisting of the VL, VH, CL and CH1 domains;
[0165] (ii) a F(ab'), fragment, a bivalent fragment com-
prising two Fab fragments linked by a disulfide bridge at
the hinge region;
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[0166] (iii) a Fab' fragment, which is essentially an Fab
with part of the hinge region;

[0167] (iv) a Fd fragment consisting of the VH and CH1
domains;
[0168] (v) a Fv fragment consisting of the VL. and VH

domains of a single arm of an antibody,

[0169] (vi) a dAb fragment which consists of a VH
domain;
[0170] (vii) an isolated complementarity determining

region (CDR); and
[0171] (viii) a nanobody, a heavy chain variable region

containing a single variable domain and two constant

domains.
[0172] Furthermore, although the two domains of the Fv
fragment, VL and VH, are coded for by separate genes, they
can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain
in which the VL. and VH regions pair to form monovalent
molecules (known as single chain Fv (scFv)). Such single
chain antibodies are also intended to be encompassed within
the term “antigen-binding portion™ of an antibody.
[0173] Diabodies consists of two polypeptides each com-
prising a heavy (VH) chain variable domain connected to a
light chain variable domain (VL) on the same polypeptide
chain (V-V;) connected by a peptide linker. These antibody
fragments are obtained using conventional techniques known
to those with skill in the art, and the fragments are screened
for utility in the same manner as are intact antibodies.
[0174] An “isolated antibody”, as used herein, is intended
to refer to an antibody that is substantially free of other
antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds phosphorylcholine is
substantially free of antibodies that specifically bind antigens
other than phosphorylcholine). Moreover, an isolated anti-
body may be substantially free of other cellular material
and/or chemicals.
[0175] The terms “monoclonal antibody” or “monoclonal
antibody composition” as used herein refer to a preparation of
antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope.
[0176] The term “humanized antibody” is intended to refer
to antibodies in which CDR sequences derived from the ger-
mline of another mammalian species, such as a mouse, have
been grafted onto human framework sequences. Additional
framework region modifications may be made within the
human framework sequences.
[0177] The term “chimeric antibody” is intended to refer to
antibodies in which the variable region sequences are derived
from one species and the constant region sequences are
derived from another species, such as an antibody in which
the variable region sequences are derived from a mouse anti-
body and the constant region sequences are derived from a
human antibody.

Pharmaceutical Compositions

[0178] A pharmaceutical composition according to the
invention may comprise a binding protein according to the
invention in admixture with a pharmaceutically acceptable
carrier and/or excipient, which will typically be selected with
regard to the intended route of administration and standard
pharmaceutical practice. The composition may be in the form
of immediate-, delayed- or controlled-release applications.
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Preferably, the formulation is a unit dosage containing a daily
dose or unit, daily sub-dose or an appropriate fraction thereof,
of the active ingredient.

[0179] The pharmaceutical composition according to the
invention may, or may not, be intended for, and, thus formu-
lated in a manner suitable for, parenteral, intravenous, intra-
arterial, intraperitoneal, intra-muscular, intra-cerebroven-
tricular, or subcutaneous administration, or they may be
administered by infusion techniques. They may be best used
in the form of a sterile aqueous solution which may contain
other substances, for example, enough salts or glucose to
make the solution isotonic with blood or cerebral spinal fluid
(CSF). The aqueous solutions may be suitably buffered (pref-
erably to a pH of from 3 to 9), if necessary. The preparation of
suitable pharmaceutical formulations under sterile conditions
is readily accomplished by standard pharmaceutical tech-
niques well-known to those skilled in the art.

[0180] Such formulations may include aqueous and non-
aqueous sterile injection solutions which may contain anti-
oxidants, buffers, bacteriostats and solutes which render the
formulation isotonic with the blood or CSF of the intended
recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents.
The formulations may be presented in unit-dose or multi-dose
containers, for example sealed ampoules and vials, and may
be stored in a freeze-dried (lyophilised) condition requiring
only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporane-
ous injection solutions and suspensions may be prepared
from sterile powders, granules and tablets of the kind previ-
ously described.

[0181] A therapeutically effective amount of an antibody or
an antibody fragment according to the invention for admin-
istration to a patient, such as a human patient, on the basis of
adaily dosage level may be from 0.01 to 1000 mg of antibody
or antibody fragment per adult (for example, from about
0.001 to 20 mg per kg of the patient’s body weight, such as
0.01 to 10 mg/kg, for example greater than 0.1 mg/kg and less
than 20, 10, 5, 4, 3 or 2 mg/kg, such as about 1 mg/kg),
administered in single or divided doses.

[0182] The physician in any event will determine the actual
dosage which will be most suitable for any individual patient
and it will vary with the age, weight and response of the
particular patient. The above dosages are exemplary of the
average case. There can, of course, be individual instances
where higher or lower dosage ranges are merited and such are
within the scope of this invention

EXAMPLES

[0183] The following examples are included to further
illustrate various aspects of the invention. It should be appre-
ciated by those of skill in the art that the techniques disclosed
in the examples which follow represent techniques and/or
compositions discovered by the inventor to function well in
the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of
skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of
the invention.

Screening of Phage Display Antibody Library

[0184] A phage display selection and screening campaign
to identity human antibodies that bind PC and neutralize the
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pro-inflammatory activity of PC that becomes exposed on
oxL.DL or apoptotic endothelial cells in cardiovascular dis-
ease was performed.

[0185] The selection of anti-PC antibodies was directed
using PC conjugated to bovine serum albumin (BSA) and
alternated between rounds with PC conjugated to ferritin.
[0186] The phage display selection output was screened as
individual phage for binding to PC-BSA by ELISA and the
hits were DNA sequenced to identify the exact number of
unique antibodies; all of which were recombinantly con-
verted to IgG. In total, after performing selections on two
different phage display libraries 41 fully human IgGs we
identified and produced. These antibodies were identified
after screening a total of 10,660 different phage clones by
ELISA, from which there were 1,511 ELISA positive hits.
[0187] AnELISAhitwas defined as have a signal onimmo-
bilized target (i.e. PC-BSA) that was at least 3-fold greater
than the background signal (streptavidin-coated plate).
[0188] After sequencing the 1,511 ELISA positives and
converting the antibodies from Fab fragments displayed on
phage to fully human IgGs, 56 different antibody sequences
that bind PC, 26 from the first phagemid library and 30 from
the second phage library were recovered.

IgG reformatting, Expression and Purification

[0189] Here we describe the results of recovery of 40 of the
56 antibodies after recombinant reformatting from Fab dis-
played on phage to full length IgG.

[0190] DNA foreach IgG was prepared and transfected into
human kidney 293T cells to transiently generate IgG after a
10 day media harvest. The IgGs used for in vitro studies were
purified using protein A Sepharose (MabSelect) and buffer
exchanged into PBS.

[0191] IgGs intended for in vivo testing were purified by
protein A Sepharose, followed by cation ion exchange (Poros
HS) with gradient elution. IgG antibodies intended for in vivo
testing were buffer exchanged into Antibody Formulation
Buffer (0.1 M citrate-phosphate, 50 mM NaCl, 0.01% Tween-
80, 2% Trehalose, pH 6.0). Antibody concentrations were
determined on purified samples by absorbance at 280 nm (1
mg/ml=1.4 0.D.).

In Vitro Assays

[0192] The 40 IgGs were tested in a battery of in vitro tests
to identify the antibodies with the desired properties. Table 1
summarizes binding properties for a selection of fully human
IgG Anti-Phosphorylcholine antibodies.

[0193] The second column (Column A) in Table 1 shows
the ELISA signal obtained using only 15.6 ng/ml IgG added
to PC-BSA immobilized on a 96 well plate surface. Antibod-
ies with ELISA signals >1 are expected to be higher affinity
antibodies.

[0194] The third column (Column B) in Table 1 shows the
signal obtained when the antibodies were injected over ami-
nophenyl phosphorylcholine covalently immobilized on a
biosensor chip and binding was detected by surface plasmon
resonance using a Biacore 3000 instrument. The higher the
Biacore signal, the more binding was observed.

[0195] The fourth column (Column C) in Table 1 shows the
results of test to determine specificity of the antibodies
towards phosphorylcholine, by testing for binding to
covalently immobilized aminophenol, which is the linker
used to covalently couple phosphorylcholine to BSA or the
biosensor chip. Several of the antibodies bind the linker mol-
ecule as well as, or better than, aminophenyl phosphorylcho-
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line. These antibodies are not likely to be effective therapeutic
anti-phosphorylcholine antibodies.

[0196] Thefifth column (Column D)in Table 1 summarizes
the results of testing the ability of the antibodies to inhibit the
uptake of oxLLDL by macrophages, which is an early event in
cardiovascular inflammation and leads to the formation of
foam cells. The macrophage uptake was monitored by flow
cytometry using fluorescently modified oxL.DL in the pres-
ence or absence of 80 ug/mlL tested antibody. In each experi-
ment, 100 pg/mL of affinity purified IgM anti-PC polyclonal
antibodies was used as a positive control. The amount of
oxL.DL taken up in the presence of the tested monoclonal
antibodies, as monitored by fluorescence, was divided by the
fluorescence observed in the presence of the polyclonal anti-
body, and then multiplied by 100. Thus, a value below 100
indicate that the antibody in a concentration of 80 ug/ml was
more effective in inhibiting ox[LDL uptake than the poly-
clonal anti-PC extracted from human serum in a concentra-
tion of 100 pg/mL. A value above 100 similarly indicate that
the antibody was less effective than the polyclonal anti-PC.
[0197] It was observed that several of the antibodies inhib-
ited the uptake similarly, or better than, the polyclonal anti-
PC control. In addition, it was observed that several antibod-
ies stimulated macrophage uptake of oxLLDL, a property that
excludes these antibodies from lead selection.

[0198] The last column (Column E) of Table 1 shows
ELISA data obtained by adding the IgGs to wells of a 96 well
plate that contain either oxLDL or native LDL. The ratio of
the ELISA signal observed for binding to oxLLDL divided by
that observed with LDL is listed in Table 1 for each tested
antibody. It is evident that certain antibodies are better binders
of oxLDL as compared to LDL.

TABLE 1

Summary of Binding Properties for
Fully Human IgG Anti-PC Antibodies

Sample ID A B C D E
MO0004-B02 1.24 366.4 38.6 233.3 6.7
MO0004-C02 0.11 44.8 0.2 93 1.2
MO0004-G02 1.23 1028.5 15.7 nd 8.4
MO0007-H10 0.49 415.8 2.7 105 0.6
MO009-A06 0.48 912.1 2.5 80.5 2.8
MO011-FO05 1.56 4473.6 155.6 547.5 10.3
MO0024-B01 0.26 nd nd nd 11.1
MO0026-HO5 0.03 1.6 17.8 73.7 14
MO0027-HO5 0.03 -3.3 1.4 79.3 1.1
MO0028-HO5 0.03 1.8 5 86 0.6
MO0029-HO5 0.08 nd nd 370 0.9
MO0030-HO5 0.02 19.1 32.8 nd nd
MO0031-HO5 0.03 -4.1 0.2 81 1

MO0034-G12 0.84 462.3 14.6 78 nd
MO0035-E11 0.14 41.5 2.1 68 0.5
MO0039-H05 2.73 -6.4 2.1 80.4 0.7
MO0042-G07 nd -2.9 2.3 93.7 0.8
MO0043-D09 1.24 172.7 2.1 1310 16.8
MO0050-H09 0.22 279.1 7 1.5 nd
MO0073-G03 0.18 46.3 19.9 511 1.2
MO0077-A11 0.26 836.3 1.3 78.4 0.7
MO0086-F02 0.99 14 12.6 315 nd
MO0086-HO1 0.41 51.2 4.9 85 1

MO0086-H11 1 -1.1 0.9 74 nd
MO0097-B04 0.22 109.5 -0.5 98 1.3
MO0097-B0S 1.01 699.6 -3.2 80 1.1
MO0099-D11 0.03 170.7 8.6 560 2.1
MO0100-A01 1.53 7532.8 3934.7 nd 1.1
MO0102-E11 0.02 1.6 -1.3 83 nd
MO0108-HO3 nd 532.7 4.5 nd 1.1
MO0126-A04 0.03 34.2 -8 nd 2.8
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TABLE 1-continued

Summary of Binding Properties for
Fully Human IgG Anti-PC Antibodies

Sample ID A B C D E
MO0126-F10 nd 32.9 -8.3 nd nd
MO0126-HO8 0.03 114.3 566.1 98 nd
MO0127-A09 0.03 18.2 -8.7 160 1.6
MO0127-B07 0.05 16.3 -7 67 nd
MO0127-E06 nd 21.9 -4.2 nd nd
MO0127-E07 nd 15.4 -6.2 nd 1.8
MO0127-F01 0.02 9.6 3.6 77 nd
X0009-A01 0.23 198.1 2 95 1.5
X0009-C01 1.25 1456.4 404.2 49.5 1

Full Column Headings:

A) Binding to PC conjugated to BSA by ELISA at 15.6 ng/ml Ab (OD)

B) Binding to aminophenyl PC by Biacore (RU)

C) Binding to aminophenol linker by Biacore (RU)

D) Percent oxL DL Uptake by Macro-phages in presence of 80 pg/ml Ab (a)
E) Binding to oxLDL versus LDL by ELISA (oxLDL signal/LDL signal) (b)

a) OxLDL uptake by macrophages

[0199] Theuptake of Dil-labelled (1,1"-dioctadecyl-3,3,3",
3"-tetramethylindocarbocyanine perchlorate) Cu-oxidized
LDL (oxLLDL, Intracel Corp, US) was investigated in mac-
rophages that were derived from human THP-1 monocytes
(ATCC, US). Differentiation was induced by incubation with
100 nM PMA (Sigma-Aldrich) in RPMI and 10% FCS for 24
h, after which medium was replaced and cells left for another
48 hours. Cells were then incubated with antibodies as indi-
cated at 37° C. for 50-60 min. Thereafter, 20 pg/ml oxL.LDL
was added and incubation continued for 5 hours. Atthe end of
the incubation period, cells were washed two times with
ice-cold PBS/0.2% BSA and once with PBS. The cells were
harvested in PBS containing 2% PFA. For data acquisition
and analysis, FACS Calibur with Cell Quest software was
used. For each sample, a minimum of 10.000 cells were
analyzed.

b) OxLDL ELISA.

[0200] hLDIL (Kalen Biomedical #770200-4), oxL.DL
(Kalen Biomedical #770252-7) (as these data are not shown)
were coated at a concentration of 10 pug/ml and a volume of
100 uwl/well on an ELISA plate (Immulon 2HB) overnight at
4° C. Plates were blocked with a 1% BSA solution (300
ul/well) for 2 hours at room temperature. After washing, the
plate was incubated with the indicated antibodies (100
wl/well; 25-100 nM) for 1 hour at room temperature. AP-
conjugated goat anti-human secondary antibody (Thermo-
Scientific #31316) at a 1:5000 dilution was added to the
washed plate at 100 pul/well and incubated for 1 hour at room
temperature. Detection reagent (ThermoScientific #37621)
was added (100 pl/well) and the plate was immediately read
in kinetic mode at 405 nm with the temperature at 30° C.
Results are shown as OD_; ,,/OD; ;.

Analysis of Anti-PC IgG Affinity to PC by SPR

[0201] The IgGs were screened for binding to PC using the
Biacore surface plasmon resonance (SPR) biosensor. Ami-
nophenyl phosphorylcholine (Biosearch Technologies) was
coupled through the free amine group to one flow cell of a
CMS5 chip to a density of 120 RU. The aminophenol linker
was coupled to another flow cell of the same CMS5 chip to a
density of approximately 120 RU. PC-KLH and PC-BSA
were also coupled to separate flow cells of a CMS5 chip.
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[0202] Using these surfaces with PC immobilized in difter-
ent contexts, the antibodies were injected at 100 nM at 50
pL/min and binding sensorgrams were obtained. The affinity
of X9C-01 was investigated by flowing different concentra-
tions of antibody over the surface at 50 ul./min. Towards this
immobilized antigen the antibodies display a fast on rate and
a fast off rate, which prevented us from obtaining reliable k_,,
and k_ -estimates from the kinetic sensorgrams.

[0203]17 The observed signal for each antibody concentra-
tion near the end of the injection was plotted versus the
antibody concentration and fit the data to a standard hyper-
bolic equilibrium binding equation (FIG. 1). Both tested
preparations of X9C-01 bound the surface similarly with an
apparent Kd value of approximately 300 nM, FIG. 1. The
apparent Kd values observed for the antibody on this surface
may or may not represent the affinity observed on more physi-
ological substrates.

ELISA Screening of Purified Anti-PC IgGs

[0204] The purified IgGs were also screened for binding to
PC using an ELISA with PC-BSA. This data was fitted to
provide estimated EC50 values (FIG. 2).

Inhibition of oxLDL Induced MCP-1 Release from Mono-
cytes

[0205] Several of the antibodies were tested for their ability
to block the release of the chemokine MCP-1 from monocytes
in response to stimulation with oxLLDL. As shown in Table 2,
X9C-01 was very effective in blocking oxL.DL-induced
MCP-1 release. This antibody potently inhibited MCP-1
release with an IC, in the nM range.

[0206] MCP-1 is a potent pro-inflammatory chemokine
that promotes the influx of leukocytes at the site of an athero-
sclerotic lesion (Reape and Groot. 1999). Control 1gG anti
streptavidin A2 as negative control showed no inhibition of
oxL.DL induced MCP-1 release from monocytes (data not
shown).

TABLE 2

Anti-PC inhibition of oxLDL-induced
MCP-1 secretion from human monocytes.

ICs, 0f X9-C01

2.6 £0.83 1M
1.6 £1.00M

Donor 1
Donor 2

[0207] Moncytes were isolated from human blood and
stimulated with 2 pg/ml copper-oxidized oxLLDL in the pres-
ence or absence of 10 pM to 40 nM anti-PC IgG. MCP-1
levels in the cell media were quantified using a commercially
available MCP-1 specific ELISA kit

In Vivo Assays

[0208] Here we report on the further testing in an in vivo of
coronary inflammation of antibodies M4-G2, M73-G03, and
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X9C-01, which were selected for the further testing based on
a combination of favorable in vitro binding properties and
functionality in in vitro assays.

[0209] This mouse model measured inflammatory cell
influx into the sub-endothelial tissue (i.e. the media) in
response to vascular injury induced by placing a restrictive
cuft around the exposed femoral artery (FIG. 3). It is evident
from FIG. 3 that X9C-01 reduced leukocyte influx into the
sub-endothelial layer. By contrast, and despite their favorable
in vitro binding properties and functionality in in vitro assays,
neither of M4-G2 or M73-G03 showed any notable reduction
compared to the control antibody (the anti-strepavidin A2
IgG termed “HulgG1 a-A2”).

[0210] The very distinctive effect of X9C-01 in this assay,
compared to M4-G2 and M73-GO03, could not have been
predicted and was a surprise to the inventors. This demon-
strates that in vivo efficacy of anti-PC antibodies may not be
predictable from positive in vitro data.

[0211] Consequently, X9C-01 was tested in a vascular res-
tenosis model in mice, in which injury was again induced by
positioning a cuft around the femoral artery but was allowed
to progress for 14 days instead of 3 days. The amount of
stenosis, observed as a thickening of the vessel neotima in the
affected arteries, was then analyzed by histochemistry (FIG.
4). From FIG. 4 it is evident that X9C-01 significantly inhib-
ited vessel wall thickening after cuftf-induced vascular injury.
This further demonstrates that X9C-01 is highly effective in
vivo.

Construction of Germline and Stability Mutants

[0212] An amino acid sequence analysis of X9C-01 iden-
tified amino acid substitutions to construct with the intention
of reducing potential immunogenicity and avoiding suscep-
tible amino acid modification that may occur during antibody
expression and purification.

[0213] The following tables show the alignment of the
amino acid sequence of the X9C-01 antibody with its most
closely related germline antibody sequence using the Kabat
database. Also highlighted in the tables are the amino acid
substitutions that were made in the antibody to make it closer
to germline, in addition to mutants that removed potential
deamidation sites, and a methionine all of which may raise
concerns for manufacturability (so called “Stability
Mutants™).

Mutants of X9C-01

[0214] The sequence of the X19-E01 mutant is the same as
wild type X9C-01, except that it has an M to L stability
mutation in HV-CDR3.

[0215] The sequence of X19-E03 is germlined with respect
to VH3-23, JH4 heavy chain and VL1-1g, JL.2 light chain
germline sequences in addition to the M to L stability muta-
tion in HV-CDR3.

TABLE 3

Heavy chain sequence optimization of X9-C01

X9-Co1
X19-E01
X19-E03

EVQLLESGGGLVQPGGSLRLSCAASGFTFYYYRMWWVRQAPGKGLEWVS
EVQLLESGGGLVQPGGSLRLSCAASGFTFYYYRMWWVRQAPGKGLEWVS
EVQLLESGGGLVQPGGSLRLSCAASGFTFIYYRMWAVRQAPGKGLEWVS

KKK KKK KKK KK KK KK KK KK KK KK KKK KKKKKK KKK KK KI KK KK KKK
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TABLE 3-continued

Heavy chain sequence optimization of X9-C01

X9-Co1
X19-E01
X19-E03

X9-Co1
X19-E01
X19-E03

STGSSGGRIFYADSVRGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR

STGSSGGRIFYADSVRGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR

SIGSSGGRIFYADSVRGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR

KKK KKK KKK KK KK KK KK KK KK KK KKK KKKKKK KKK KK KI KK KK KKK

REMSLGFDYWGQGTLVTVSS
RELSLGFDYWGQGTLVTIVSS
RFLSLGFDYWGQGTLVTVSS

Kk KKK KK KKK KKK KK KK KK

SEQ ID NO: 1
SEQ ID NO: 3
SEQ ID NO: 5

Residue mutations that may alleviate possible manufacturing issues are

underscored.

CDR regions are

TABLE 4

Light chain sequence optimization of X9-C01

X9-C01 QSELTQPHSASGTPGORVTISCSGRRSNIGANYV YW YQQYPGTAPKLLIY
X19-EO1 QSELTQPHSASGTPGORVTISCSGRRSNIGANYV YW YQQYPGTAPKLLIY
X19-E03 QSVLTQPPSASGTPGORVTISHSGRRSNIGANYV YW YQQLPGTAPKLLIY

Kk kkkk kkkkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkhhkhkhkhkhhhkhhk Fkhkkkhkhkhkkkk
X9-C01 [RNNQRPJGVPDRFSGSKSDTSASLAISGLRSEDEADYY(AAWDDSLSGWY]
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X19-E01 [RNNQRPJGVPDRFSGSKSDTSASLAISGLRSEDEADYY(AAWDDSLSGWY]
¥X19-E03 [RNNORPJGVPDRFSGSKSGTSASLAI SGLRSEDEADYY(AAWDDSLSGWY]

KKKKKKKKKKKK KK KK KK Khh KR I I AR I I AR I I AR I IR KT KK KK KK KK

X9-C01 FGGGTKLTVL SEQ ID NO: 2

X19-E01 FGGGTKLTVL SEQ ID NO: 4

X19-E03 FGGGTKLTVL SEQ ID NO: 6

KKK KKK KK KK

Germlined sequence mutations are shown in bold.

CDR regions are

[0216] For the avoidance of doubt, in the event of any
inadvertent disparity between the presentation of sequences
within this application, the sequences provided for the VH
and VL domains and the various CDR sequences in Tables 3
and 4 are the definitive sequences.

PC Binding of the Mutants of X9C-01

[0217] PC binding of the mutants of X9C-01 that were
constructed was assessed by ELISA (FIG. 5). Substituting the
Hv-CDR3 methionine for leucine in X9C-01 did not signifi-
cantly affect PC binding (compare X9C-01 to X19-E01 in
FIG. 5). Including all light chain germline substitutions
reduced the affinity (compare X9C-01 with X19-E03 in FIG.
5).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(VH domain of X9-C01 antibody)

<400> SEQUENCE: 1

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Tyr
20 25 30

Arg Met Trp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Gly Ser Ser Gly Gly Lys Thr Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Arg Phe Met Ser Leu Gly Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 2

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(VL domain of X9-C01 antibody)

<400> SEQUENCE: 2

Gln Ser Glu Leu Thr Gln Pro His Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Arg Arg Ser Asn Ile Gly Ala Asn

Tyr Val Tyr Trp Tyr Gln Gln Tyr Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Arg Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Asp Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Arg
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Ser Gly Trp Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 3

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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-continued

(VH domain of X19-E01 antibody)
<400> SEQUENCE: 3

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Tyr
20 25 30

Arg Met Trp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Gly Ser Ser Gly Gly Lys Thr Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Arg Phe Leu Ser Leu Gly Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 4

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(VL domain of X19-E01 antibody)

<400> SEQUENCE: 4

Gln Ser Glu Leu Thr Gln Pro His Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Arg Arg Ser Asn Ile Gly Ala Asn
20 25 30

Tyr Val Tyr Trp Tyr Gln Gln Tyr Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Arg Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Asp Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Arg
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Ser Gly Trp Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 5

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(VH domain of X19-E03 antibody)

<400> SEQUENCE: 5

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Tyr
20 25 30
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-continued

Arg Met Trp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Gly Ser Ser Gly Gly Lys Thr Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Arg Phe Leu Ser Leu Gly Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 6

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(VL domain of X19-E03 antibody)

<400> SEQUENCE: 6

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Arg Arg Ser Asn Ile Gly Ala Asn

Tyr Val Tyr Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Arg Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Arg
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Ser Gly Trp Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 7

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR1 of VH domain of X9-CO01,
X19-E01 & X19-E03 antibodies)

<400> SEQUENCE: 7

Tyr Tyr Arg Met Trp
1 5

<210> SEQ ID NO 8

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR2 of VH domain of X9-CO01,
X19-E01 & X19-E03 antibodies)

<400> SEQUENCE: 8



US 2014/0193413 Al
20

-continued
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Ser Ile Gly Ser Ser Gly Gly Lys Thr Phe Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 9

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR3 of the VH domain of
X9-C01 antibody)

<400> SEQUENCE: 9

Arg Phe Met Ser Leu Gly Phe Asp Tyr
1 5

<210> SEQ ID NO 10

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR3 of VH domain of X19-E01
and X19-E03 antibodies)

<400> SEQUENCE: 10

Arg Phe Leu Ser Leu Gly Phe Asp Tyr
1 5

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR4 of VL domain of X9-CO01,
X19-E01 & X19-E03 antibodies)

<400> SEQUENCE: 11

Ser Gly Arg Arg Ser Asn Ile Gly Ala Asn Tyr Val Tyr
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR5 of VL domain of X9-C01,
X19-E01 & X19-E03 antibodies)

<400> SEQUENCE: 12

Arg Asn Asn Gln Arg Pro Ser
1 5

<210> SEQ ID NO 13

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide (CDR6 of VL domain of X9-CO01,
X19-E01 & X19-E03 antibodies)

<400> SEQUENCE: 13

Ala Ala Trp Asp Asp Ser Leu Ser Gly Trp Val
1 5 10
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-continued

<210> SEQ ID NO 14

<211> LENGTH: 330

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
(CH region of X9-C01 antibody)

<400> SEQUENCE: 14

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
210 215 220

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225 230 235 240

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
290 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

325 330

<210> SEQ ID NO 15
<211> LENGTH: 105
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<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide

(VL region of X9-C01 antibody)
<400> SEQUENCE: 15
Gln Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser Glu
1 5 10 15
Glu Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe

20 25 30
Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser Ser Pro Val
35 40 45
Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys
50 55 60
Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys Ser
65 70 75 80
His Lys Ser Tyr Ser Cys Gln Val Thr His Glu Gly Ser Thr Val Glu
85 90 95
Lys Thr Val Ala Pro Thr Glu Cys Ser
100 105

1. An antibody or antibody fragment capable of binding to

phosphorylcholine and/or a phosphorylcholine conjugate,

wherein the antibody or antibody fragment comprises a
variable heavy chain (VH) domain and/or a variable
light chain (VL) domain, and wherein—

(a) the VH domain comprises an amino acid sequence that
includes one, two or three complementarity determining
regions (CDRs) selected from the group consisting of
a CDRI1 sequence comprising an amino acid sequence

having at least 20%, 40%, 60%, 80% or 100%
sequence identity to the sequence of SEQ ID NO: 7;

a CDR2 sequence comprising an amino acid sequence
having at least 5%, 11%, 17%, 23%, 29%, 35%, 41%,
47%.,52%, 58%, 64%, 70%, 76%, 82%, 88%, 94%, or
100% sequence identity to the sequence of SEQ ID
NO: 8; and

a CDR3 sequence comprising an amino acid sequence
having at least 11%, 22%, 33%, 44%, 55%, 66%,
77%, 88% or 100% sequence identity to the sequence
of SEQ ID NO: 9 or 10; and/or

(b) the VL domain comprises an amino acid sequence that
includes one, two or three complementarity determining
regions (CDRs) selected from the group consisting of:
a CDR4 sequence comprising an amino acid sequence

having at least 7.5%, 15%, 23%, 30%, 38%, 46%,
53%, 61%, 69%, 76% 84%, 92% or 100% sequence
identity to the sequence of SEQ ID NO: 11;

a CDRS sequence comprising an amino acid sequence
having at least 14%, 28%, 42%, 57%, 71%, 85% or
100% sequence identity to the sequence of SEQ ID
NO: 12;

a CDR6 sequence comprising an amino acid sequence
having at least 9%, 18%, 27%, 36%, 45%, 54%, 63%,
72%, 81%, 90% or 100% sequence identity to the
sequence of SEQ ID NO: 13.

2. The antibody or antibody fragment of claim 1 wherein

the VH domain comprises an amino acid sequence that

includes a CDR1 sequence, a CDR2 and a CDR3 sequence as
defined by claim 1, and/or the VL. domain comprises an amino
acid sequence that includes a CDR4 sequence, a CDRS and a
CDRG6 sequence as defined by claim 1.

3. The antibody or antibody fragment of claim 1 wherein:

the VH domain comprises an amino acid sequence that
includes the CDR1, CDR2 and CDR3 sequences present
in an amino acid sequence selected from the group con-
sisting of SEQ ID NOs: 1, 3 or 5 or an amino acid
sequence having at least 80%, 85%, 90%, or 95%
sequence identity to an amino acid sequence of any of
SEQ ID NOs: 1,3 or 5; and/or

the VL. domain comprises an amino acid sequence that
includes the CDR4, CDRS and CDR6 sequences present
in an amino acid sequence selected from the group con-
sisting of SEQ ID NOs: 2, 4 or 6 or an amino acid
sequence having at least 80%, 85%, 90%, or 95%
sequence identity to an amino acid sequence of any of
SEQ ID NOs: 2, 4 or 6.

4. The antibody or antibody fragment of claim 1 wherein:

the VH domain comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1, 3, or 5 or
an amino acid sequence having at least 80%, 85%, 90%,
or 95% sequence identity to an amino acid sequence of
any of SEQ ID NOs: 1, 3, or 5; and

the VL domain comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 2, 4, or 6 or
an amino acid sequence having at least 80%, 85%, 90%,
or 95% sequence identity to an amino acid sequence of
any of SEQ ID NOs: 2, 4, or 6.

5. The antibody or antibody fragment according to claim 1,
wherein:

the VH domain comprises an amino acid sequence having
at least 80%, 85%, 90%, 95% or 100% sequence identity
SEQ ID NO:1; and
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the VL domain comprises an amino acid sequence having
atleast 80%, 85%, 90%, 95% or 100% sequence identity
SEQ ID NO: 2.
6. The antibody or antibody fragment according to claim 1,
wherein:
the VH domain comprises an amino acid sequence having
atleast 80%, 85%, 90%, 95% or 100% sequence identity
SEQ ID NO:3; and

the VL domain comprises an amino acid sequence having
atleast 80%, 85%, 90%, 95% or 100% sequence identity
SEQ ID NO: 4.
7. The antibody or antibody fragment according to claim 1,
wherein:
the VH domain comprises an amino acid sequence having
atleast 80%, 85%, 90%, 95% or 100% sequence identity
SEQ ID NO:5; and

the VL domain comprises an amino acid sequence having
at least 80%, 85%, 95% or 00% sequence identity SEQ
ID NO: 6.

8. The antibody or antibody fragment according to claim 1,
wherein the VH domain, the VI domain, or preferably both of
the VH and VL. domains, comprise an amino acid sequence
having 100% sequence identity to the, or one or more (such as
all) of each, stated SEQ ID NO.

9. The antibody or antibody fragment according to claim 1,
wherein the VH domain, the VL. domain, or both of the VH
and VL. domains, comprise an amino acid sequence having
less than 100%, but at least 80%, 85%, 90%, 95%, sequence
identity to the, or one or more (such as all) of each, stated SEQ
ID NO.

10. The antibody or antibody fragment according to claim
15

wherein the VH domain, the VL domain, or both ofthe VH

and VL domains, comprise an amino acid sequence hav-
ing less than 100%, but at least 80%, 85%, 90%, 95%,
sequence identity to the, or one or more (such as all) of
each, stated SEQ ID NC), and wherein

the ability of the antibody or antibody fragment to bind to

phosphorylcholine and/or a phosphorylcholine conju-
gate is equivalent to (that is, at least 80%, 85%, 90% or
95%, of), or greater than, the ability of a corresponding
antibody or antibody fragment, wherein the VH domain
and the VL domain of the corresponding antibody or
antibody fragment each comprise an antigen-binding
sequence comprising an amino acid sequence having
100% sequence identity to the, or each, stated SEQ. ID
NO.

11. The antibody or antibody fragment according to claim
1, wherein the VH domain and the VL domain are present in
a linear polypeptide sequence.

12. The antibody or antibody fragment according to claim
1, wherein the VH domain and the VL domain are each
present in a separate polypeptide sequence, and preferably
wherein the separate polypeptide sequence are directly or
indirectly bound together (such as by one or more disulphide
bonds between the separate polypeptide sequence).

13. The antibody according to claim 1, wherein the anti-
body is a monoclonal antibody.

14. The antibody fragment according to claim 1, wherein
the antibody fragment is a single chain antibody, Fv, scFv,
Fab, F(ab'),, Fab', Fd, dAb, CDR, or scFv-Fc fragment, a
nanobody, and diabody, or any such fragment that has been
stabilized such as by PEGylation.
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15. The antibody or antibody fragment according to claim
1, which is a human or humanized antibody or antibody
fragment, such as a human or humanized monoclonal anti-
body.

16. The antibody or antibody fragment according to claim
1, which is capable of binding to a phosphorylcholine conju-
gate.

17. The antibody or antibody fragment according to claim
16, wherein the phosphorylcholine conjugate is a phospho-
rylcholine moiety linked to a carrier, optionally via a spacer,
and preferably the antibody or antibody fragment binds spe-
cifically to the phosphorylcholine moiety in the phosphoryl-
choline conjugate.

18. A pharmaceutical composition comprising or consist-
ing essentially of an antibody or an antibody fragment
according to any of the preceding claims and a pharmaceuti-
cally acceptable carrier or excipient, optionally wherein the
only antibodies or antibody fragments present in the compo-
sition are those defined by any of the preceding claims.

19-22. (canceled)

23. A method for prevention, prophylaxis and/or treatment
of'a mammal, including a human, against atherosclerosis, an
atherosclerotic related disease, or ischemic cardiovascular
disease, the method comprising the step of administering to
the mammal an antibody or antibody fragment according to
claim 1.

24. A method for immunization and prophylaxis, preven-
tion and/or treatment of a subject against Alzheimer’s dis-
ease, the method comprising the step of administering to the
subject an antibody or antibody fragment according to claim
1.

25. A method for the immunization or prophylaxis against,
or the treatment of, metabolic diseases in a mammal, such as
a human, the method comprising the step of administering to
the mammal an antibody or antibody fragment according to
claim 1.

26. The method according to claim 25, wherein the meta-
bolic disease is a condition selected from the group consisting
of metabolic syndrome, insulin resistance, glucose intoler-
ance, hyperglycemia, type I diabetes, type Il diabetes, hyper-
lipidemia, hypertriglyceridemia, hypercholesterolemia, dys-
lipidemia, and polycystic ovary syndrome (PCOS).

27. A nucleic acid sequence encoding an antibody or an
antibody fragment according to claim 1.

28. A vector or plasmid comprising the nucleic acid
sequence of claim 27.

29. A host cell comprising the nucleic acid sequence of
claim 27.

30. The host cell of claim 29, wherein the cell is a prokary-
otic cell, such as an Escherichia coli cell, or a eukaryotic cell,
such as animal, plant, or fungal cell.

31. The host cell of claim 29, which expresses the nucleic
acid sequence to produce an antibody or an antibody frag-
ment.

32. A method of producing an antibody or an antibody
fragment comprising culturing a host cell according to claim
31, and recovering therefrom said antibody or antibody frag-
ment.

33. A method of preparing a variant of the antibody or
antibody fragments of according to claim 1, which variant
retains the ability to bind to phosphorylcholine and/or a phos-
phorylcholine conjugate, the method comprising:

(1) providing a nucleic acid according to encoding the

antibody or antibody fragment of claim 1;
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introducing one or more nucleotide mutations into the
amino acid coding regions of the nucleic acid sequence,
optionally within the regions encoding the VH and/or
VL domain(s), such that the mutated nucleic acid
encodes a variant antibody or antibody fragment having
a different amino acid sequence compared to the parent
antibody or antibody fragment;

(iii) expressing the variant antibody or antibody fragment
that is encoded by the mutated nucleic acid sequence;
and

(iv) comparing the ability of the variant antibody or anti-
body fragment and the parent antibody or antibody frag-
ment to bind to phosphorylcholine and/or a phosphoryl-
choline conjugate.

34. The method of claim 33, wherein the step of assessing
the ability of the variant antibody or antibody fragment to
bind to phosphorylcholine and/or a phosphorylcholine con-
jugate further comprises selecting those variants that have
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substantially equal or enhanced ability to bind to phospho-
rylcholine and/or a phosphorylcholine conjugate compared to
the parent.

35. The method of claim 33, further comprising recovering
a nucleic acid molecule that comprises the mutated nucleic
acid sequence that encodes the variant antibody or antibody
fragment, and optionally transforming a host cell with a com-
position comprising the recovered nucleic acid molecule and
further optionally expressing the variant antibody or antibody
fragment from the host cell, and yet further optionally recov-
ering the thus-expressed variant antibody or antibody frag-
ment from the host cell.

36. The method of claim 35, comprising the step of recov-
ering the thus-expressed variant antibody or antibody frag-
ment from the host cell, and further comprises the step of
formulating the recovered variant antibody or antibody frag-
ment into a pharmaceutically acceptable composition.

37. A variant antibody or antibody fragment obtained or
obtainable by the method of claim 33.
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